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GENERAL SUMMARY OF CONTENTS 



OF 



VOLS. III. AND IV. OF COSMOS. 



Special results of Observation in the domain of Cosmical Phenomena. — 

Introduction. 

Retrospect of the subject. Nature considered under a two -fold aspect: 
in the pure objectivity of external phenomena, and in their inner reflection 
in the mind. — A significant classification of phenomena leads of itself to 
their casual connection. — Completeness in the enumeration of details is 
not intended, at least in the representation of the reflected picture of 
nature under the influence of the creative power of imagination. — Besides 
an actual or external world, there is produced an ideal or an inner world : 
filled with physical symbolic myths, diflerent according to race and cli- 
mate, bequeathed for centuries to subsequent generations, and clouding a 
clear view of nature. — Fundamental imperfectibility of the knowledge of 
cosmical phenomena. The discovery of empirical laws, the insight into the 
causal connection of phenomena, description of the universe^ and theory 
of the universe, — How, by means of existing things, a small part of their 
yenetic history is laid open. — Different phases of the theory of the uni- 
verse, attempts to comprehend the order of nature. — Most ancient fun- 
damental conception of the Hellenic mind : physiologic phantasies of the 
Ionian school, germs of the scientific contemplation of nature. Double 
direction of the explanation of natural phenomena, by the assumption of ma- 
terial principles (elements), and by processes of rarefaction and condensa- 
tion. Centrifugal revolution. Theories of vortices. The Pythagoreans ; 
philosophy of measure and harmony, commencement of a mathematical 
treatment of physical phenomena, — The ordfr. and. government of the 
universe according to the physical works of Aristotle. ! The communication 
of motion considered as the cause ol^aU 'phenomena.*,; /the tendency of the 
Aristotelean school but little directed 'tp lJi6^t)giaiij>p;'^of the heterogeneity 
of matter. — This species of natural ph^^^i^;^ ]^.^ueathed in fundamental 
ideas and form to the Middle Ages'. >/;;R%er Bacon, the Mirror of 
Naiure oi Vineentz of Beauvais, Liber Cosmographicus of Albertus 
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Magnus, Imago Mundi of the Cardinal Pierre d'Ailly. — Progress through 
Giordano Bruno and Telesio. — Clearness in the conceptions of gravitation 
as mast attraction^ by Copernicus. — First attempt at a mathematical appli- 
cation of the doctrine of gravitation, by Kepler. — The work on the Cosmos 
by Descartes {Trait 6 du Monde) nobly undertaken, did not appear until 
long after his death, and only in fragments ; the Cosmotheoros of Huygens, 
unworthy of the great name. — Newton, and his work Philosophia Natu- 
ralis Principia Mathematica, — Endeavour towards a knowledge of the 
universe as a Whole. Is the problem solvable of tracing back to one 
principle all physical knowledge, from the law of gravitation to the for- 
mative activities in the organic and animated bodies? What has been 
discovered does not by a long way exhaust the discoverable. The im per- 
fectibility of empiric investigation makes the problem of explaining the 
changeability of matter from the forces of matter an indefinite one, 

A. Uranolooical Portion qf the Physical Description q/ the 
Universe, pp. 29 — 32. 

Two sections, one of which comprises the heaven of fixed stars ; 
the other, our solar system^ p. 29. 

a. AsTROGNOST ; Heaven of the fixed stars. 

I. The realms of space, and conjectures regarding that which 
appears to occupy the space intervening between the heavenly 
bodies, pp. 29 — 50. 

II. Natural and telescopic vision, pp. 51 — 96; Scintillation of the 
stars, 99—111; Velocity of light, pp. 111—119; Results of 
photometry, pp. 119 — 137. — Order ot the fixed stars according 
to their luminous intensity. 

III. Number, distribution, and colour of the fixed stars, pp. 138 — 
188 ; Stellar clusters (stellar swarms), pp. 188—193 ; The 
Milky Way interspersed with a/eu; nebulous spots, pp. 198 — 203. 

IV. New stars, and stars that have vanished, pp. 204 — 217 ; Va- 
riable stars, whose recurring periods have been determined, pp. 
217 — 240 ; Variations in the intensity of the light of stars 
whose periodicity is as yet uninvestigated, pp. 240—247. 

V. Proper motion of the fixed stars, pp. 248 — 252 ; Problematical 
existence of dark cosmical bodies, pp. 252 — 255 ; Parallax — 
measured distances of some of the fixed stars, pp. 255 — 264 ; 
Doubts as to the assumption of a central body for the whole 
sidereal heavens, pp. 264 — 270. 

VI. Multiple, or double stars — Their number and reciprocal dis- 
tances. — Period of revolution of two stars round a common 
centre of gravity, pp. 271 — 289. 

VII. Nebulous spots. — Are these only remote and very dense 
clusters of stars ? — ^The two Magellanic Clouds, in which crowded 



DebokioB apota are inlerepersed with n 

The so-called black epoU (Coil-Buki) of tbo Southern hemi- 

Bphere, pp. 291—350. 

ß. Sol&bReqioi.-, pp. 3.^1— 466. 

I. The Son considered a« the central bod;, pp. 359—401. 

II. The Planet!, pp. 102 — 166. 

A. General consideration of the pUnetjir; world, pp. 402 — 4fiG. 

a, Principsl Plunstä, pp. 403 — 162. 

b. Seeondsry Planeta, pp. 162— 46S. 

B. Special enameration of the ptaneta and their cnoons ua parti 
dF the aolar System, p. 407. 

Sno, pp. 4G7— 470. 
Mercurj, pp. 470 — 173. 
Venua, pp. 473-476. 
EaitJ), pp. 476, 477. 

Moon uf the Eartli. pp. 477—502. 
Mors, p. 502-504. 
The small planets, p. ä05 ; Flora, Victoria. Test«, Iris, 

Metis, Hebe, Parthcnapc, Aatrses, Egeria, Irene, Euno- 

mia, Jnno, Cens, Pallas, Hygeia) 
Jupiter, pp. Sil — 515. 

Satellite! of Jupiter, pp. 515 — 517. 
Satiiro, pp. 517-522- 

aatellitea of Saturn, pp. 523, 524. 
Uranus, pp. S24 —526. 

Salellitea of Uranus, pp. 526, 527. 
NeiJtanc. pp. 527—530. 

Satellites of Neptune, pp. 531, 532. 

in. Theoometa, pp. 553—560. 

IV. Ring of the zodiacal light, pp. 561—565. 

T. Shooting star«, lire-bolls, meteoric atones, pp. 5G6— 596. 
CondDiioa, pp. 597— fiOI. 
CorrectioDS and adilitions to toI. iii. p. xHi. 
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15 — 18. — Radiation of heat by the stars, p. 42, note 26. — ^Temperature 
of space, pp. 44—47. — Limited transparency? p. 46. — R^^nlarly de< 
creased period of revolution of the Comet of Encke, p. 47. — Limitation 
of the atmosphere ? p. 49. 

II. Natural and telescopic vision : — ^Very different sources of light 
present similar relations of refiraction, p. 54. — Different velocities of the 
light of ignited solid bodies and that of frictional electricity, p. 56. — 
Position of the Wollastonian lines, p. 56. — ^Influence of tubes, p. 53. — 
Optical means of distinguishing between direct and reflected light, and the 
importance of the means to physical astronomy, p. 56. — limits of 
ordinary vision, p. 60. — Imperfection of the organ of vision; false 
diameter of the stars, p. 66. — Influoice of the form of an object upon 
the minimum visual angle in experiments as to visibility ; necessity of a 
difference of luminous intensity of ^ ; visibility of distant objects, positively 
and negatively, pp. 61 — 72. — On the visibility of stars by day with the 
naked eye from wells or upon lofty mountains, p. 72. — ^A feeble light 
by the side of a stronger, p. 61, note 15. — Extending ray and star tails, 
p. 65. — On the visibility of the satellites of Jupiter by the naked eye, 
p. 64. — Undulation of the stars, p. 77. — Commencement of telescopic 
vision ; application to measurement, pp. 78 — 81. — Refractors of great 
length, p. 81. — Reflectors, p. 82. — Day observations ; how strong mag- 
nifying powers facilitate tbe finding of the stars by day, p. 87. — Ex- 
planation of the sparkling and scintillation of the stars, p. 96. — Velocity 
of light, pp. 105 — 118. — Order of magnitude of the stars; photometric 
relations and methods of measurement, pp. 119 — 132. — Cyanometer, 
p. 129. — Photometric order of the fixed stars, pp. 132 — 137. 

III. Number, distributiorif and colour of the fixed stars; Stellar 
clusters and the Milky Way: — States of the sky which hinder or favour 
the detection of stars, p. 138. — ^Number of the stars; how many may be 
seen with the naked eye, p. 140. — How many have been inserted in 
stellar charts with determinations of position, p. 145. — Conjectural 
estimation of the number of stars which can be visible in the entire 
heavens with our present powers of penetrating space, p. 141. — Con- 
templative astrognosy of uncivilized people, p. 147. — ^The Grecian sphere, 
p. 159. — The crystal sky, p. 164. — False diameter of the fixed stars in 
telescopes, p. 174. — Smallest objects in the heavens which have yet been 
seen, p. 175. — Difference of colours in the stars, and the changes which 
have taken place in the colours since antiquity, p. 175. — Sirius {Sothis), 
p. 178. — ^The four royal stars, p. 184. — Gradual acquaintance with the 
Southern heaven, p. 185. — Distribution of the fixed stars, laws of relative 
accumulation, gauging, p. 187. — Clusters and swarms of stars, p. 189. 
The Milky Way, p. 193. 

IV. Stars that have newly appeared and disappeared ; variable stars 
and changes in the intensity of their light whose periodicity has not been 
investigated : — New stars in the last 2,000 years, p. 204 — Periodically 
diangeable stars: Historical particolars, p. 203. — Colour, p. 24. — 
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Number, p. 222. — Order recogpuzable in apparent irregolarity; great 
differences of brightness; periods witliin periods, p. 226. — Argelander's 
table of the variable stars with commentary^ p. 232. — ^Variable stars in 
undetermined periods (17 Argus, Capella, stars of the Urse Major and 
Minor), p. 246. — Reference to the possible changes of temperature on 
the Earth's surface, p. 246. 

V. Proper motion of the fixed starSt dark cosmical bodies , parallax ; 
doubts as to the assumption of a central body for the entire heaven qf 
fixed stars: — Change of the physiognomy of the sky, p. 248. — Amount 
of the proper motion, p. 251. — Evidence in üetvour of the probable 
existence of non-luminous bodies, p. 253. — Parallax and measurement 
of the distance of some fixed stars from our solar system, p. 255. — 
The aberration of light may be applied to the determination of the paral- 
lax of double stars> p. 264. The discovery of the proper motion of the 
fixed stars has led to the knowledge of the motion of our own solar 
system, and even to the knowledge of the direction of this motion, 
pp. 251 and 264. — Problem of the situation of the centre of gravity of 
the whole heaven of fixed stars and central suns ? p. 267, and note 38 
and 39.) 

VI. Double stars, period of revolution of two suns round a common 
centre of gravity : — Optical and physical double stars, p. 272 ; number, 
p. 273. — Uniformity and difference of colour ; the latter not the conse- 
quence of optical deception, of the contrast of complementary colours, 
p. 282, notes 15 — 21. — Change of brightness, p. 285. — Multiple com- 
binations (three to six fold), p. 285. — Calculated orbitual elements, half 
major axis and period of rotation in years, p. 289. 

VIT. Nebula f Magellanic Clouds f and Coal-sacks : — Resolvability of 
the nebulse ; questions as to whether they are all remote and crowded 
clusters of stars? p. 291 (note 25 and 26). — Historical particulars, p. 293 
(note 44). — Number of nebulse whose positions are determined, p. 309 
(notes 35 and 36). — Distribution of nebulse and clusters of stars in the 
northern and southern hemispheres, p. 311 ; spaces poor in nebulse, and 
the maxima of accumulation, p. 312, and note 41. — Configuration of 
nebulse : spherical, annular, spiral, and planetary nebulse, p. 317. — Nebula 
(cluster of stars) in Andromeda, pp. 295 — 318 (note 46) ; nebula in Orion's 
sword, pp. 297—329 (notes 12, 27, 61, 63, 67, and 68); large nebula 
round ti Argus, p. 331; nebula in Sagittarius, p. 333; nebula in Cygnus 
and Vulpes; spiral nebula in the northern Canes Venatici, p. 323. — The 
two Magellanic Clouds, p. 335, (note 88). — Black spots or Coal-sacks, 
p. 347. 

ß. The Solar region; planets and their moons, ring of the zodiacal 
light, and swarms of meteor-asteroids ^ p. 351—401. 

I. The Sun considered as a central body: — Numerical data, p. 361 
(note 4 — 6). — Physical constitution of the surface ; envelopes of the dark 
solar globe; Sun-spots, faculse, p. 362. — Diminutions in the daylight 
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recorded by the annalists ; problematic obscurations, p. 379 (note 22). — 
Intensity of the light in the centre and at the edge of the Son's disc 
p. 387 (note 24, 25). — Correlation of light, heat, electricity, and mag- 
netism ; Seebeck, Ampere, Faraday, p. 395. — Influence of the Sun's spots 
upon the temperature of our atmosphere, p. 390. 

II. The Planets: 

A. General comparative considerations : 

a. Principal Planets : 

1. Number and epoch of discovery, p. 403. — Names, planetary 
days (week), and planetary hours, p. 408 (notes 13 and 14). 

2. Classiflcation of the planets in two groups, p. 422. 

3. Absolute and apparent magnitudes ; configuration, p. 426. 

4. Order of the planets and their distances from the Sun ; the 
so-called law of Titius ; old belief that the cosmical bodies 
which we now see were not all visible from the beginning ; 
Proselenes, p. 429, and notes 18 — 34. 

5. Masses of the planets, p. 445. 

6. Densities of the planets, p. 446. 

7. Periods of sidereal revolution and axial rotation, p. 448. 

8. Inclination of the planetary orbits and axes of rotation ; their 
influence upon climate, p. 449 (note 42). 

b. Secondary planets f p. 457. 

B. Special consid^ation; enumeration of the individual planets and 
their relation to the Sun as central body. 

The Sun, pp. 467—70. 

Mercury, pp. 470 — 473. 

Venus ; spots, pp. 473—476. 

The Earth t numerical relations, pp. 476—477. 

The Moon of the Earth ; produces light and heat ; ash-grey 
or earth-light in the Moon ; spots ; nature of the Moon's 
surJbce, mountains and plains, measured elevations ; pre- 
vailing type of circular configuration ; craters of elevation 
without continuing eruptive phenomena ; old traces of the 
reaction of the interior upon the exterior (the surface) ; 
absence of Sun and Earth tides, as well of currents as 
transportive forces, on account of the want of a liquid 
element ; probable geognostic consequences of these rela- 
tions, pp. 477 — ^502. 

Mars I ellipticity; appearances of sur&ce altered by change 
of the seasons, pp. 502 — 504. 

The small planets, pp. 505 — 510. 

Jupiter : periods of rotation ; spots and belts« pp. 511 — 515. 
Satellite» qf Jupiter, pp. 515 — 517. 
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Satnni bunds, ringa, ecceDtric poBitian, pp. S17 — 522. 
SaltUilm nf Salvrn, pp. 623-52-1. 
Uratna, pp. 524—526. 
SaMHla qf Uraniu, pp. 526—527: 
N^lvae: diatTnery wid elemeriM, pp. 527 — 530. 
Salellitet cf Nfplune, pp. 531—532, 
, .... .A« Comrli ! witb the «malleal maBiee occnping inioiprise npiFei 

I eonfigiirBticiD 1 periods of reiolution; separation; eiumiuu of tlie interior 

comcta, pp. 533 — 560. 

rV, Tlie ring of lie lediaeal light i HUtorical pBiticnlais. — Intennil. 
ten«e two-fold i hourly «ad annual .'—Diätinction to be tnndc belween 
the coimical luroidous procesa which belongi to the iadiacal light ii«elf 
and the rariable traoBparency of oor atmosphere. — Importance of a long 
aeiiea of corresponding abeervstioiu under (he tropics ai different elera- 
tions abo» the bn from 9 to 12,000 feet.— Relleci ion like that at auniet. 
— Coiopariion in the eame night with certain parts of the Milliy Way. — 
Question sa to whether the zodiacal light coiui^idea with the plmie of the 
Son'B equator, pp. 561 — 565. 

V. Stanling sIbts, ßrf -balls, meteoric-ttoitn ; — Oldest poiitrrely deter, 
mined fall of aerolites, and the influence whioh the fall at Mgos Fotanios 
and its coamical explanations eierciaed upon [he theoriei of the uniTerae 
of AnajigorBS and Diogeiiea of Apollnnia (of the later Ionic school) ; 
force of revolution which counteracta the power of tlie fnll (centrifn^ 
foroeand gravitation), pp. 568— 5JZ (notes 5-3). — GeomeMcauäp/iyticBl 
relations of meteors in »poradie and periodic falis ; diwrfftnet of the 
Bhooting-itara J definite poiutt qf deparlvrei mean number of aporadii: 
and periodic ahouting-Btars in an hour in different month», pp, 57a — 57a, 
notes 13 — 14. — Besides Che atrtam of St. LaurentioB, and liie now more 
feeble November phenomenon, four or five other falls of shooliiig-stars 
have been diicovered which very probably o<:cur periodically during tho 
year, p. 579, notei 20— 21.- Height and velocity of the meteors, p. 583. 
— Physical relationa, colour and tails, process of combioation, magnitades; 
instances of the firing of buildings, p. 5EI3. — Meteoric at^iUBB; falls of 
aBrohtea when the sky ia clear, or after the formation of a small dark 
meteoric cloud, p, 5S7> notea 25 and 26.^ — ProblematicBl abundance of the 
ahooting-stata bElween midnight and the early hours of morning (hourly 
variations), p. 590. — Chemical relations of the aerolites ; analogies with 
Ihe conslituenti of telluric rock, pp. 592 — 59G, 

Cmtcltuim: — Retrospect of the nndertaking. — Limitation consistent 
witb the nature of a pbynical description of the universe. — llepieieuCation 
of the actual relations of cosmieal bodies to each other.- Kepler's law* 
of planetary motion. — Simplicity of the Ursnologicfll problem in oppoii- 
tian to the telluric, on account of the eiclosion of material heterogeneity 
and change. — Elemenla of the atabilitj of the planetary system, pp. 597 
—601. 
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ERRATA. VOL. III. 

Page 6, line 11, read fourth instead of last. 

Page 107, „ 8, „ first 14' 7", then 11', Cassini 14' 10". 

Page 194, „ 5-6, north and south pole are confounded. 

Page 196, „ 35, read 540, instead of 593. 

Page 276^ „ 12, ,, e 5 Lyrse, instead of c Lyrse. 

Page 287, „ 14^ „ measurements^ instead of calculations. 



HUMBOLDT S CORRECTIONS AND ADDITIONS 
TO VOL. III. 



Page 40, tine 20. 

Since tlie printing of that part of the Co»moj, where i donbt !< eiprened 
r BB Ui whetlier it bos been " shnwn with certaintj that the potritioaB of the 
f Sun infiaence tbs terreEtrial niB|taetiiin," the nen and Eictdlent invea- 
tigstians of Fomda; have proved the reality of aach aa iaflaence. L-oag 
aeriea of msgnetio obiervatiora in iippoeite hemiaphere» (e. g., Toronto 
in Canada, and Hobnrt Town in Van Diemen's Land), abow that the 
terrestrial magjietiäm ia subject to an snnufil varintioQ, which depends 
upon the relative pudliun of the Sun and Earth. 

Page 75, luie29. 

The remarkable pbenotnenon of the undnla/ion at stars has very 

recently tieen observed at Trier by very trustwortby witnesssea, in Sirius, 

between 7 aod 8 o'clock, while near the horiion. See the letter of Merm 

Flesch, in Jahn't Unlerhaltimgenßir Freunde der Aiironomie. 



Page 17S, line 17, 1 



eSD. 



The wish which I strongly Eipresaed that the historical epoch in which 
the disappearance of the red eolonr of Siriui falls should he more 
positively determined, has been partially falhtled by the laudable industry 
of Dr. Wjjpcke, d young scholar, who combines an exceUent acijuaintance 
with Oriental Isngnages with diaCinguiBiied matbemaCieal knowledge. 
The truulator and eommetitator of the important Aigeira of Omar 
Alkliayyami, writing to me from Paris, in August, 1851, sbjb, " I have 
eiamined the four manuscripts in this place of the Vranography of 
Abdurrahman Al.Snfi, in reference to your suggestion contained in the 
astronomical volume of the Cotmot, and found that nBootLi, a Taari, 
a Scorpii, and a Ononis, are all expressly called reil; Sinus, on the 
contrary, is not. Moreover, the passages referring to it are uniformly as 
follows in all the four manuscripts :~" llie first among its (Great Dog) 
Is the large, brilliant one in his mouth, which is represented on the 
Astrolabium, and ia called Al-jemaanyaA." Is it not probable from this 
investigation, and from what I quoted from Alfragani, that the epoch of 
- the change of colour falls between the time of Ptolemnua and the Arabs. 
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Humboldt's cokbkctions 



Page 264, line 13. 

In the condensed statement of the method by which the parallax of the 
double stars is found by means of the velocity of light, it should be said : 
The time which elapses between the moment in which the planetary 
secondary star is nearest to the Earth, and that in which it is most distant 
from it is always longer when the star passes from the point of greatest 
proximity to that of greatest elongation, than in the converse^ when it 
letums from the point of greatest elongation to that of greatest proximity. 



Page 289, line 1. 

In the French translation of the astronomical volume of the CoamoSf 
which^ to my great gratification, M. H. Faye has again undertaken, this 
learned astronomer has much enriched the section upon double stars. 
I had myself neglected to make use of the important treatises of M. 
Yvon Villarceau, which were read at the Institute in the course of the 
year 1849. (See Connaissance des Temps pour Van 1832, pp. 3 — 128). 
I quote here from the table by M. Faye, of the orbital elements of eight 
double stars, the first four stars, which he considers to be the most 
certainly determined : — 

Elements of the Orbits qf Double Stars. 



Name 
and Magnitude. 


Semi 
major 
axis. 


Eccen- 
tricity. 


Period of 
revolu- 
tion in 
Years. 


>fame of 

the 

Calculator. 


5 Urs» Majoris, 
(4th and 5th Mag.) 


3"-857 
3"-278 
2"-295 
2"-439 


0*4164 
0-3777 
0-4037 
0-4315 


58-262 
60-720 
61-300 
61-576 


Savary ... 1830 
J. Herschel 1849 
Mädler ... 1847 
Y. Villarceau 1849 


p Ophiuchi, 
(4th and 6th Mag.) 


4"-328 
4 "966 
4"-800 


0-4300 
0-4445 
0-4781 


73-862 
92-338 
92-000 


Encke ... 1832 
Y. Villarceau 1849 
Mädler ... 1849 


I Herculis, 
(3rd and 6- 5th Mag.) 


1"'208 
l"-254 


0-4320 
0-4482 


30*220 
36-357 


M&dler ... 1847 
Y. Villarceau 1847 


1) Coron», 
(5'5th and 6th Mag.) 


0"*902 
1"-012 

1"111 


0-2891 
0*4744 

0-4695 


42-500 
42-501 

66-257 


M&dler ... 1847 
Y. Villarceau 1847 
r The same, 2nd 
1 result. 



AND ADDITIONS. XV 

The problem of the period of reTolution of f| Coron« admits of two 
solutions: of 42*5 and 66*3 years; but the late observations of Otto 
ajve the preference to the second. M. Yvon Villarceau finds the 
semi-m or axis^ eccentricity j and period qf revolution^ in years : 

yVirginis 3"-446 0-8699 153*787 
^Cancri 0"-934 0*3662 68*590 

aCentauri 12"-128 0*7187 78*486 

The occultation of ant fixed star by another, as was presented by ^ Her- 
culis, I have called apparent (p. 287). M. Faye shows that it is a con- 
sequence of the spurious diameter of the stars {Cosmos, vol. iii. pp. 66 
and 1 70^) seen in our telescopes. The parallax of 1830, Groombridge, 
which I gave (p. 27) as 0'''226, is found by Ijchiuter and Wichmann, 
0'*182, and by Otto Strove, 0"*034. 




VII. 

ani-OnB SFOTB. — ^ABE THESE ONLT EKKOTE AND VEBT 

DENSE OLUSTEKS OP STARS? THE TWO MAOELLAMIC 

ClOITDS, IN WHICH CFOWDED NEBDLOUB SPOTS AÄE 
IKTEBSPEHSED Wl' 



Among the visible ctiamical bodies occupying the regiong 
of Bpaec, besides those wliich shine with steRar light (whether 
self-lumiaous. or iUumined Eke pluneta, stars isolated or in 
multiple groups, and revolving round a common centre of 
gravity), there are also masses which present a faint and 
milder nebulous light.' These bodies, which appear at one 
time UB sharply defined, disc-formed, luminous clouds, ut 
another as irregularly and variously shaped masses, widely 
diffused over large spaces, seem to the naked eye, at first 
sight, to be wholly different from those cosmical bodies of 
which we treated fully in the last four sections of the Astrog- 
nosy. la the same way that there is an inclination to infer 
firom the observed and as yet unexplained motion of the 
maibte coamieal bodies' the existence of others hitherto in. 
visible, BO the knowledge gained as to the resolvabllily of a 
considerable number of nebulous spots has recently led to 



' Cosmo», vol. i. pp. 69-73, 73 and 13! ; 
Tol. iii. pp. 44-49, 189, 203 and 220. 
* Cosmos, vol. iii. pp. 252-2Ö4. 
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cooclusions regarding the non-existence of all nebulea, and 
indeed of all cosmical vapour generally. But whether these 
well-defined nebulous spots be a self-luminous vapoury matter, 
or remote, closely-thronged globular clusters of stars, they 
must ever remain objects of vast importance in the knowledge 
of the structure of the universe and of the contents of space. 

The number whose positions have been determined by 
right ascension and declination, exceeds 3,600. Some of 
the more irregularly diffused, measure eight lunar diame- 
ters. According to William Herschers earlier estimate, 
made in 1811, these nebulous spots cover at least jy^j^th 
part of the whole visible firmament. As seen through 
colossal telescopes, the contemplation of these nebulous masses 
leads us into regions from whence a ray of light, according to 
an assumption not wholly improbable, requires millions of 
years to reach our earth, to distances for whose measurement 
the dimensions (the distances of Sirius, or the calculated 
distances of the binary stars in Cygnus and the Centaur) 
of our nearest stratum of fixed stars scarcely suffice. If 
these nebulous spots be elliptical or spherical sidereal 
groups, their very conglomeration calls to mind the idea 
of a mysterious play of gravitative forces by which they 
are governed. If they be vapoury masses, having one or 
more nebulous nuclei, the various degrees of their conden- 
sation suggest the possibility of a process of gradual star- 
formation from inglobate matter. No other cosmical structure 
— no other subject of this branch of astronomy more contem- 
plative than measuring — is, in like degree, adapted to excite 
the imagination, not merely as a symbolic image of the in- 
finitude of space, but because the investigation of the different 
conditions of existing things, and of their presumed connection 

' Cosmos^ vol. i. p. 68. 
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sequence, promises to affoid ua an insight iuto tLe laws 

genalic derdopment.' 

The historical devE'lopmeut of our koowledge of nebulous 
bodies teaches us that here, as in the progress of almcwt every 
other branch of physical science, the same opposite opiuiona, 
which still have numerous adherents, were maintained long 
since, although on weaker grounds. Since the general use of 
the telescope, we find that Galileo, Dominique Cassini, and 
acute John Michell regarded all nebuleo as remote 
of stars; whilst Halley, Derham, Lacaille, Kant, and 
ihert, maintained the existence of starless nebulous masses. 
LBpler (like Tycho Brahe before the invention of the tele- 
scope) was a zealous adicreut of the theory of star-formation 
&om cosmleal vapour — from condensed conglobate celestial 
nebulous matter. He believed " cieli maleriam lenaisaimum 
(the vapour which shines with a mild stellar light in the 
Milky Way,) in unum globum coiulensatam, slellam eßrigere," 
and grounded liis opinion, not ou the process of condensation 
operating in defined roundish nebulous spots, (for these were 
unknown to him,) bat on the sudden appearance of new stars 
on the margin of the galaxy. 

If we take into account the number of objects discovered, 
the accuracy of their telescopic investigation, and the gene- 
ralization of views, the hbtory of nebulous spots, like that 
of double stars, may be said to begin with William Hersehci, 
Until his time there were not more than 120 miresolved 
nebulaj in both hemispheres, whose positions were deter- 
mined, including even the results of Measier's meritorious 
labours; and in 1786 the great astronomer of Slough pub- 
lished the first catulogae, containing 1000. I have already 
fully pointed out in an earlier portion of this work that the 
bodies named nthuluus stars {fttpeXociceh) by Hipparchue 
and Geminus in the Calasterisms of the pseudo-Eratosthenes 
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and in the Almagest of Ptolemy, are stellar clneters which ap- 
pear to the naked eye with a nebulous lustre.' This designa- 
tion, latinized ne&ulosa, passed in the middle of the thirteentli 
century into the Alphonsine Tables, probably through the pre- 
ponderating influence of the Jewish astronomer, Isaac Aben 
Sid Hassan, Chief Eabbi of the wealthy synagogue at Toledo. 
The Alphonsine Tables were first printed in 1483 at Venice. 
The first notice of a remarkable a^rcgation of innumerable 
true nebulous spots, blended with stellar swnrms, dating from 
the middle of thetenth century, is in the writings of an Ara- 
bian asti'onomer, Abdurahman Suli, a native of the Persian 
Irak. The JV7iile Ox, which he saw shining with a milky 
light far below Caaopus, was undoubtedly the larger Magel- 
lanic cloud, which with an apparent breadth of nearly twelve 
lunar diameters, extends over a portion of the heavens mea- 
suring forty-two square degrees. No mention is made by 
European travellers of this phenomenon until the beginning 
of the sixteenth ccntnry, although, 200 years earlier, the 
Normans had advanced as far along the Western coasts of 
Africa as Sierra Leone (8° SO' N. Lat.)-° It might have 
been expected that a nebulous mass of such vast extent. 



* Cosmo«, vol. iii. pp. 121 and note,and 190 and note. 

' Prior to the expedition of Alvaro Becerra. The Por- 
tuguese advanced beyond the equator in 1471. See Hum- 
boldt's Examen critique de VHist. de la Giogfaphie du 
Nouveau Continmt, tom. i. pp. 290-292. In eastern Africa 
the Lflgides had availed themselves, for purposes of commerce, 
of the passage alo:^ the Indian Ocean, and, favoured by the 
eouth-west monsoon (Hippalus), had passed from Ocelis in the 
Straits of Bab-el-Mandebto the Malabar emporium of Muziri» 
and to Ceylon {Cosmos, vol. ii. p. 539, and note). ^Uthough 
the Magellanic Clouds must have been seen in all these 
voyages, we meet with no record of their appearance. 
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hich was distinctly fisible to tue naked eye, would have 
attracted attention sooner.' 

The first isolated nebula which was observed and recognized 
by the telescope as wholly starless and as an object of special 
nature was the nebula near v Andromeda}, which, like that 
last mentioned, is also visible to the naked eye. Simon Slarius 
(|Mayer] of Gumenhauscn, in Franconia, originally a musician, 
and subsequendy Court mathematician of one of the Mar- 
graves of Colmbach, the same person who saw the satellites 
of Jupiter nine days earlier than GalUeo,' has also the merit 



^■_< Sir 
^^Ul>ec< 



Sir John Herschel, Observaiion» at the Cape, g 132. 
Op. eit. pp. 357, 509 (note 43). Galileo, who endea- 
■cd to refer the difference in the days of discovery (idth 
Itecember, 1609, and 7th of January, 1610.) to a diifer- 
enee in the calendar, maintamed that he had seen the satel- 
lites of Jupiter one day earlier than Morius. ond even allowed 
himself to be BO fiir carried away by his indignation at " the 
falsehood of the heretical impostor of Gutzenbauscn" [•'bttgia 
del impostors erellca Guntzen&iaano,") as to declare his belief 
"that very probably the heretic, Simon Mari us, never obserred 
the Medicean planets," (" che moUo probabilmenla il erelico, 
Simon Mario, non ha ogservato giammaii Pianeti Medicci.") — 
See Opere di Galileo Galilei, Padova, 1744, torn. ii. pp. 23d- 
237; and Nelli, Vita e Commurüio letlerario di Galilei, 1793, 
ToL i. pp. 240-246, The "heretic" had nevertheless 
expressed himself very pacifically and modestly in reference 
to the extent of merit due to his discovery. " I simply 
affirm," says Simon Marius, in the pitface to the Mundus 
Jovialit, "hcEc sidera ( Brandenburg! ca) a nidlo mortalium 
mihi utla ratione commonatrata, sed propria induf^ine sub 
ipeisBimum fere tcmpus, vel aliquanto citius quo Galilteus in 
Italia ea primum vidil, a me in Germania adinventa et obser- 
vata fuisse. Morito igitur Galilffio tribuitur et mane laus 
primffi inventioiiis horum siderum apud Italos. Au autem 
inter meos Genuanos quispiam ante me ea inveneiit et viderit, 
hactenufi intelligere non potui." *' I simply a£fiim that I was 



of haring given the first, and indeed a very aocurate descrip- 
tion of a. nebula. In the preface to his Mundus Jovi'alis,^ he 
relates, thafonthe 15th of December, 1612, he observed a 
fixed object diiFering in appearance from any he had ever seen. 
It was situated near the 3id and northern star of Andromeda's 
girdle; seen with the naked eye, it appeared to him to be a 
a mere cloud, and by the aid of the telescope he could not 
discover any signs of a stellar nature, a circumstance which 
distinguished it from the nebulous atars in Cancer, and tetyra 
other nehidous clusters. AU that could be recognised was a 
whitish glimmering appearance, brighter ia the centre, and 
feinter towards the margins. With a diameter of ^ of a 
degree, the whole resembled a light seen from a great dia- 
tance through half-transparent horn plates : {»imSis fere 
»plendor apparel, si a tongrnqvo candela arden» per eorvu pel' 
lucidum de noclu cernalwr)." Simon Marina hazards a con- 
jecture whether this singular star be not of recent formation, 
but will not give a decided opinion, although it strikes him as 
singular that Tycho Brahe, who had eniunemted all the stars 
in the girdle of Andromeda, should have said nothing of this 
nebttlosa. IheMandtia Jovialis.vthicb first appeared in 1614, 
indicates, therefore, as I have already observed elsewhere,* the 



I 



led to the discovery of these atars not by any reasonings of 
others, butbylhe result of my own investigations, and that they 
were observed by me in Germany, about the very same time 
or a little sooner than Galileo first saw them in Italy. To 
Galileo, among the Italians, is therefore due the merit of 
having firnt discovered these stars. But whether, among my 
own countrymen in Germany, any person before me has dia- 
GOvered and seen them, I have not as yet been able to ascer- 
tain." 

Mundut Jovialis. anno 1609, deleclu» ope jicrijiicilU Belr 

. (Noriberga), 1614.) 

Cosmos, vol. ii. p. 702. 
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difference bct^'ecn a nebulous spot unrcsolvable by tiie teles- 
copic powei-a of that age, aud a duster of stars,* to wLith tbe 
mutual prosimily of its numerous small stars, nut visible to 
the naked eye, impaila a, nebulous lustre. Notwithafaiiding 
tbe great improvements made in optical icatruueuta, the 
nebula in Andromeda was considered for nearly two centuries 
and a half— as at its discovery — to be wholly devoid of stars, 
nntil two years since, the transatlantic observer, George Bond. 
of Cambridge in Massachusetts, discovered 1,500 suiall stnrs 
within the limits of the nebula. I have not hesitated to 
class it amongst the stellar clusters, although the nucleus has 
not hitherto been resolved."* 

It is probably oidy to be ascribed to some singular accident 
that Galileo, who, when the ^ü^ereusJVuii^i'us appeared in 1610, 
bad already made frequent observations of the constellation of 
Orion, should have subsequently mentioned, in his Sagijiatore, 
no other nebuiie in the firmament but those which his own weak 
optical instruments had resolved into steUnr clusters, although 
he might Im^ before have learnt, through the JIundus 
Jovialii of the discovery of the starless nebula in Andro- 
meda. When he speaks of the nebulose del Orione. e ihl 
Presse, he understaads by the expression merely " oggre- 
gations {coacercazionC) of innumerable small stars.'*" He 
successively delineates under the deceptive designations of 
nebulosa capitis, cingtdi, el ensis Orionis, clusters of slat's, 
in which he exults in having discovered 400 hitherto unob- 
served stai'B in a space of 1 or 2 degrees. He never makes 
jpy reference to unresolved nebulous matter. Yet how could 



f Oerm., Sternhaufen; French, amas d'fetoiles. 
' CoafWM, vol. iii. p. 192. 

" Galilei noid che le Nebulose di Orione null' al 
I mucchi coaeervationi d' innumerahili SCelle.' 
a di Galilei, vol. i. p. 20S. 
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the great nebulous spot in the swwd of Orion have failed to rivet 
bia attention? But although this great observer probably 
never saw the irregular nebuia in Orion, or the roundish disc of 
a 60-ea!led irresolvable nebula, Btiil his general views" on the 
intrinsic nature of nebulous spots were very similar to those 



" " In primo integram Orionis Consfellationem pingere 
decreverani ; vero, ah iiigenti stellarum eopia, temporis vero 
inopia obrutus, aggreflsionem banc in aliam occasionem dis- 
tuli. Cum noD tantum in Galaxia lacteus ille candor veluti 
albicantis nubis spectctur, sed ciimplurca consimilia colori» 
areola sparsim per trthera suhfulgeant, si in illarum quaralibet 
epeoillum coavertas, Btellarum constipataruni coetum offendes. 
Ampliug (quod magis niirabile) stellte, ab astronomis singulis 
in banc usque diem nebuloste appeilatro, stellarum minim in 
modum consitarum greges sunt: es qtiainim radiorum com- 
mixtione, dum unaquaque oh esilitatem, sen maximam a nobis 
remotionera, oculorum aciem fugit, candor ille consurgit, qui 
densior pars cccli, stellarum autsolis radios retorquere valeus, 
hneusque creJitus est," — Opere di Galileo Galilei, Padova, 
1744, tom. it. pp. 14, 13. "At first I had resolved to describe 
the whole constellation of Orion ; but the multitude of the 
stars and the want of leisure compelled me to postpoue the 
undertaking till another occnaion. Since not only in the 
Milky Way may be observed that brilliaiiey as of a whitish 
cloud, but several areoles of a similar colour are scattered 
through the firmament ; if you direct the glass to any one of 
them you will meet with a host of clustered stars. Moreover, 
the stars (still stranger to aay) which, by every astronomer, 
are to this day called nebulous, are clusters of stars lying close 
together in a wonderful manner, from the combination of 
whose rays (while they cannot be separately distinguished by 
the eye on account of their minuteness, or their very great 
distance from us) arises that whiteness, which, from its capa- 
city of reflecting the rays of the stars or of the sun, has been 
hiüierto supposed to belong to a denser part of the atmo- 
sphere." Sitlereus Nuatiun, pp. 13, 15 (noB. 19-21), aad 35 
(no. 66). 
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to wliich the greater numbci: of our astronomers of tbe present 
da)- incline. Like Galileo, Hevel of Dantzig, who, although 
a distinguished ohseryer, was not much inclined to lely ujioa 
telescopic observation for aid iu cataloguing the stars,'* made 
no mention in his writings of the great nehula in Orion. Ills 
star catalt^ue, moreover, did not contain upwards of 16 
nebulous spots, of which the positions were accurately 
determined. 

At length, in the year 1656, Huygens diseoTered" the 
nebula in the sword of Orioa, which is so important fiom its 
extent and form, and has become so fiimous from the numbtir 
and celebrity of its subsequent investigators. Huygens was 
thu means of inducing Picard (tn 1676) to devote himself 
diligently to the investigation of this ncbuloua body. Ed- 
mund Ilalley, during his sojourn in St. Helena in 1677, was 
the first to determine any of the nebulous spots belonging to 
portions of the southern heavens not visible ia Europe, 
although his observations embraced only a very small number. 
The lively interest taken by the great Cassini (Jean Dominique) 
iu aU branches of contemplative astronomy, led him, towards 
the close of the seventeenth century, to a more careful esplo- 
ratioa of the nebulte in Andromeda and Orion. He thought 
he could detect alterations in the latter since Huygens' ob- 
servatioDS, and that he " had recognized stars in the former 



Compare Cosmos, vol. üi. p. 51. I also remember a 
ette at the close of the introduction to Uevel's Firma- 
menium Sobescianunt, 1687, in which three genii are repre- 
sented, two of whom are making observations with Hevel's 
sextants. The third genius is carrying a telescope which 
he appears to be offering, while those observing, exclaim, 
Praslat nuda acuio ! 

" Huygens, Sifstema Saliirnium, in his Opera caria, Lugd. 
Bat, 1724, torn. ii. pp. ä23 and 093. 
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which could not be seen with telescopes of low powers." 
There are reasonB for regarding the BBsertion of an alteration 
of figure 88 a delusion; not entirely bo the existence of stars 
in tlie nebula in Andromeda since the remarltable observations 
of George Bond, Cassini, moreover, cotijoetured, on theoreti- 
cal grounds, the possibility of soch a resolution of the nebula ; 
since, in direct opposition to Halley and Dcrham, he consi- 
dered all ntbuloua spots to be very remote stellar swarms." 
The faint mild effulgence in Andromeda was indeed according 
to his opinion analogous to the zodiacal light, which ho also 
conjectm*ed to be composed of a crowd of densely thronged 
small planetary bodies." Lacaille's residence In the southem 
hemisphere (at the Cape of Good Hope, and in the Isle of 
France and Bourbon, between 1750-1752), «o considerably 
increased the number of known nebulous spots, that Struve 
has justly remarked, that from the observations of this tra- 
veller more was known at that time of the nebulous bodies 
of the southern hemisphere, than of those which were visi- 
ble in Europe. Lacnille, moreover, successfully attempted to 
divide nebulte into classes according to their apparent con- 



" "Daiis les deux nihvlensea d'Andromede et d'Orion, 
j'ai vu dee ^tniles qu'on n'apcrqoit pas avec des lunettes 
communes. Nous ne ftavona pns si I'on ne pourrait pas avoir 
des lunettes nssez grandes pour que toute la nf^bulositfe put se 
rfesoudre en de plus potites fetoiles, oommc il arrive ä celle du 
Cancer et du Sagittaire." " I have seen fitiu's in the nebulis 
of Andromeda and Orion," says Dominique Cassini, "which 
cannot be recognized by ordinary instrumonlH. We are igno- 
rant whether telescopes may not be constructed of sufficient 
power to resolve the whole nebula into smaller stars, as has 
been done in the cose of the nebulee in Cancer and Sagitta- 
rius." — Delambre, Uiat. de I'Astr. moderne, torn. ii. pp. 700 
tmd 744. 

" Comtoi, vol. i. p. 130, note. 



I figuration; he nlso was the first to undorfcike, though with 
I Stile result, the difficult task of annlysmg the heterogeneoua 
reontents of the Alngellanic Clouds (tiubeeula major el minor). 
I If we subtract the 14 nebuite, which, evea nitb instrumenta 
of low powers, were perfectly rcsolTtd into true Clusters of 
stars, from the other 42 iaoloted nebulous spots which La- 
caille observed in the southern heavens, there remain only 2S, 
whilst Sir John llerschel, by the aid of more powerful instru- 
ments, as well as greater skill and superior powers of obser- 
vation, Bticceeded in discovering under the same zone, and 
also independently of ciusters, tts many ob 1,500 nebulous 

^^- Rf.DCl.TFFff ' 

Devoid of personal knowledge or enpenence (JTthfe subject, 
and origioftlly ignorant of each other's attempts, although 
both had very similar aims in view," Lambert (from 17^9) 
and Kant (from 1755) speculated with admirable sngacity 
on nebulous spots, detached galaxies and sporadic nehu- 

Ilous and stellar islands scattered singly through the realms 
6f space. Both inclined to the nebular hypothesis, and to 
ne idea of a perpetual development in the regions of space, 
md even of a star-formation from cosmical vapour. The 
great traveller, Le Gentil (1760-1769), long before his 
Voyages, and his unsuccessful observations of the transit of 
Venus, had imparted animation to the study of nebulffi by his 



" On the community and difference of ideas between K.int 
and Lambert, as well as in reference to the period of their 
publications, see Struve, Etudes tTAstr. Stellaire, pp. 1 1, 13, 
21, notes 7, 15, and 33. KoxA'a Allgemeine Natttr-Getchichle 
\md Theorie des Bimmelt appeared anonymously, and was 
dedicated to Frederick the Great, 1755. Lambert's Pholo- 
ntlria, as already remarked, appeared in 1760; and hia 
Sammlwng kosmologiaclter Briefe über die Einrichtung dst 
WtÜbauts,\D. 1761. 
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' observationB on the constellations of Andromeda, Sagittarius, 
and Orion. He made use of an object-glass of Campani'a, 
ST feet in focal length, wliich was in the possession of the 
Foris Observatory. In entire opposition to the yiews of 
Halley, Lacaille, Kant, and Lambert, the intellectual John 

I Micbell deelared (as Galileo and Dominique Casaini had done) 
that all nebulffl were stellar clusters, aggregations of very mi- 
nnte or very remote telescopic stars, whose eiistt-noe would 
iindoubtedly be some day revealed by means of more perfect 
optical instruments." Compai'ed with the slow progress wc 
have hitherto depicted, the knowledge of nebulous spots 
received a rich aceesHion of facts by the persevering industry 
of Messier, Ilis catalogue of I7T1 contains, ailer deducting 

. the older nebulie discovered by Lacaille and Meehain, 66 

I which hftil not been previously observed. He had the merit 
of doubling the number of the nebulous spots hitherto enume- 

' rated in both hemispheres, although his labours were caiTied 
on in tlie ill-supplied Observatoire de la Marine (Hotel de 
Clugny)." 

To these feeble beginnings succeeded the brilliant epochs of 
the discoveries of William Ilerschel and his son. I'hc former 
began as early as 1779 a regular exploration of the numerous 
nebulous masses with which the heavens are studded. These 
obscrvatkOQs were made with a seveu-feet reflector. Hia 
colossal forty-feet telescope was completed in 1787; and in 



" "Those ncbulffi," says John Miohdl in 1767, {Philot. 

Teatuact. vol. Ivii. for 1767, p. 251,) "in which wc can 

I discover either none, or only a few stars, even with the assiat- 

I ance of the best telescopes, are probably systems that are 

I BtUl more distant than the rest." 

" Messier, in the Mint, de I'Acadimie des Sciences, 1771, 

I p. 435, and ia the OomiaisaancedexJ'emiii pour n 83 at 1784. 

The whole catalogue contains 103 objects. 
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the three catalogues* which he published in 1786, 1789, and 
1802, he indicated the positions of 2,500 nebnls and cliiaterB 
of stars. Until 1785, or almost as late as 1791, this frrent 
observer appears to have been more disposed, like MicheU, 
Cassini, and the present Lord Rosse, to regard the nebulous 
spots which he was unable to resolve, as very remote clusters 
of stars; but a prolonged consideration of the subject between 
1 799 and 1802, led him to adopt the nebular theory, as Ilalley 
'tad LacaiUe had done, and even, with Tycho Bnihe and 
iepler, the theory of a star-formation through the gradual 
lensation of eosmical vapour. The two hypotheso*. how- 
are not neeessariJy connected."' The nebulous and 
sllar clusters observed by Sir 'Wiiliani Hersohel, were sub- 
ited by his son to a renewed investigation from 1825 to 1833; 
ched the older catalogues with 500 new objects, 
and published in the Philosophical Transactions for 1833, 
(pp. 365-481.) a complete catalogue of 2,307 nebulro and 
clusters of stars. This great work contains all that had been 
discovered in the heavens of Central Europe; and in the five 
Buccecding years (from 1834-1838) we find Sir John Hcrschel 
engaged at the Cape of Good Hope ia exploring the whole of 
the visible firmament with a colossal twenty-fcct reflector, and 
adding 1,708 determinations of position to his previous cata- 
l<^:ue of 2,307 nobulte and clusters of stars!" Only one- 



Philog. Transact, vols. Ixsvi. Isxix. and xcii. 
"The nebular hypothesis, as it has been termed, and the 
leory of sidereal aggregation, stand in fact quite independent 
of each other." — Sir John Herachel, Outlines of Astronomy, 
§ 872, p. 599. 

° The numbers which I here give include the objects 
enumerated from. Nos. 1 to 2,307 in the European, NnrOtrrn 
Catalogueof 1833, and those from Nos. 2,308 to 4.015 in the 
A&ican, Southern Catalogue. — Observations aC the Cape^ 

pp. ai-128. 
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third of the southern nebulce and clusters of stars in Dunlop's 
Gatal(^ue (contaiuing 629 nebulous bodies, observed from 
182S-1827, at Paramatta, with a nine-feet reflector, having a 
tune-inch speculum",) were inserted in Sir John Herschel'a 
work. 

A third great epoch in our knowledge of these mysterious 
cosmical bodies commenced witli the coustructiou of the moi- 
vellous fifty-three ieet telescope" of the Earl of Eosse, at 
Parsonstuwn. All that had ever been advanced on either 
side of the question, during the long fluctuation of opinions 
in the difierent stages of the development of cosmical con- 
templation, was now made the subject of keen discussion in 
the uont£st regarding the nebular hypothesis and its asserted 
unteuabiljty. It appears from all the notices I have been 
able to collect from the works of distinguished astronomers 
long accustomed to the observation of nebulous spots, that 
out of a large number of nebulie indiscriminately taken from 
among all the classes contained in the catalogue of 1833, 
and i-egarded as irresolvable, almost all (Dr. Kobinson, the 
Director of the Armagh Observatory, enumerates more than 
40 such,) have been perfectly resolved." Sir John Hcrschel 



"^ James Dunlop, in the Ph'tlos. Transact, fur 1828, pp' 
113-151. 

" Compare Cosmos, vol. iÜ. p. 85 and note. 

°* See An Account uf the Marl of Rosses great Telescope, 

Ep. 14—17, which gives a list of the nebute resolved by 
)r. Bobinson und Sir James South in March, 1 945. 
" Dr. Kobinson could not leave this part of his subject 
without calling attention to tiio fact, that no real nebula 
seemed to exist among so many of these objects chosen 
without any bias: all appeared to be clusters of stars, and 
every additional one which shall be resolved will be an 
additional at^ument against the existence of any such."— 
Schumacher, Astr. Naehr. no. 686. In the Kolie* 
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intains the eame view, as weU in his opening address 
; the British A»gociatio a at Cambridge in IS'IS, a« in 
Irlthe Outliaea of Astronomy, 1849, where he expri^sses him- 
I «elf as follows: — "The mngnificent reflecting telescope coa- 
t structtid l)j Lord Rosse, sis feet in aperture, has resolved or 
I. rendered resolvable multitudes of aebulre which had rusisted 
Lall inferior powers. . . . Although, therefore, nebula; do exist 
^ which, even in this powerful telescope, apjicar as nebulte, 
without any sign of resolution, it may Tcry reasonably be 
doubted whctht^r thi^e he really any essential physical dis- 
tinction between ncbul» and clusters of stars."" 



I grands Telescopes de Lord Oxmantoma, aujourifhu* 
iarl of Eosse {Bibliolhiqve umverselle de Geneve, torn. Ivii. 
[ 1845, pp. 342-357), we find the following passage: "Sir 
James South rappcIJe que jamais il a'a vu de repr£ scuta tions 
oid^rialea aussi magnifiques que Celles que lui oifrait Tinatru- 
m^it de Parsonslown; qu'une bonne partie des nebuleuses 
fle preeentaieut conune des amas ou groupea d'^tuiles, tondis 
que quelquea autres, ä sea yeux du moius, n'Dffi:aient aucuno 
apparence de resolution eu etoiles." " Sir James South 
remarks that he never beheld more magnificent representa- 
tions oC the stars than those he saw in the Porsonstown 
telescope, and that a great number of nebulre appeared like 
clusters or groups of stars, whilst othera, at least to his 
B^ht, presented no appearance of resolution." 

" See Outlines, pp. 697, 598 ; also the Report of the 

Fißeenth Meeting of the British Association keldat CamMdge 

M June, 184S, p. sxsvi. : — " By far the major part," says 

Sr John Herschel, " probably, at least, nine-tenths, of the 

nebulous contents of the heavens consist of acbulto of spherical 

or elliptical forms, presenting every variety of elongation and 

central condensation. Of these a great number have been 

^Molved into distant stars (by the reflector of the Earl of 

^iosse) and a vast multitude more have been found to present 

lat mottled appearance which renders it almost a matter of 

inty that an increase of optical power would show them 
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The constructor of the powerfiil optical apparatus at 
Parsonstown, who always discriminates between the result of 
actual observation aud the promiBCS of a knowledge to which 
we hope to attain, espresses himself with much caution 
regarding the nebula in Orion, in a letter to Professor 
Nicbol of Glasgow," dated Parsonstown, 19th March, 1846 : 
— " In accordance with ray promise of communicating to 
you the result of our examination of Orion, I think I may 
safely Bay, that there can be little, if any, doubt of the resolv- 
ability of the nebula. Since you left ua, there was not a 
single night when, in absence of the moon, the air was fine 
enough to admit of our using more than half the magnifying 
power the speculum bears ; still we could plainly see that 
all about the trapezium is a mass of stars, the rest of the 
□ebulte also abounding with stars, and exhibiting the charac- 
teristics of resolvability strongly marked." At a subsequent 
period (lS4ä} Lord Rosse had not announced that his expec- 
tations had as yet been fulfilled, although he cherished the 
hope of being able to resolve the remaining portion of the 
nebula into stars. 



to be similarly composed. A not unnatural or unfair induc- 
tion would, therefore, seem to be, that those which resist such 
resolution do HO only in consequence of the smallness and 
closeness of the stars of which they consist ; that, in short, 
they ate only optically and not physically nebulous. Although 
nebulas do esist which, even in this powerful telescope (of 
Lord Rosse) appear as ncbulm, without any sign of reso- 
lution, it may very reasonably be doubted whether there be 
really any essentia physical distinction between nebidie and 
clusters of stars." 

" Dr. Nichol. Professor of Astronomy at Gla-^gow, pub- 
lished the letter above referred to in his Thoughts of tome 
Important Pomtn relaliMf lo Che Sffsiem of the World, 1846, 
p. 65. 
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Wien we separate the resulta of actual observation from 
> of mere inductive canclusionB, in this much disputed 
question of the existence or non-existence of a self-luminous, 
vaporous matter in the universe, we find that although the 
increasing improvements in telescopic vision nmy, indeed, 
considerably diminish the number of nebula;, they cannot by 
IS wholly exhaust them. By the application of in- 
creasing powers, each new instrument may resolve what the 
preceding ones had left unresolved, but it must ot the same 
time, in consequence of its greater powers of penetrating 
space, replace (at least parually) the resolved nebulie by 

Ifithers not previously reached.** A resolution of the older. 
Bid the discovery of new nebula, would therefore follow one 
uother in endless succession, as titc fruit of increased optical 
feower. For if we suppose a different result, we must either, 
kcoording to my view, assume the occupied regions of space 
Id be limited, or that the world- islands, to one of which our 
((yetem belongs, are so remote from each other that no tele- 
scopic instrument can ever be invented of sufficient power 
to penetrate to the confines of any other of these worlds, 
and that our hist or exti'emest uehul» may resohc themselves 
into clusters of stars, which, like the stars in the Milky Way, 
" are projected on a black ground entirely free from vapour.''" 
But can wc believe in the probability of a condition of the 
universe, and of a degree of perfection in optical instruments, 
in which the entire firmament will no longer exhibit any 
unresolved nebulous spots ? 

The hypothetical assumption of a self-luminous fluid, ap- 
pearing, when sharply-defined, in round or oval nebulous spots, 
must not be confounded with the equally hypothetical assump- 



' Compare Edinburgh Review, vol. Ixxxvji. 18-18, p. 1 
' Cosmos, vol. iii. p. 195, and note. 
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tion of a non-luminous ether pervading the universe, and ge- 
nerating by its undulatory motion, the phenomena of light, 
radiant heat, and electro-magnetism.*** The emanations from 
cometary nuclei, which in the form of tails frequently extend 
over enormous tracts of space, disperse the substance of which 
they are composed — and with which we are unacquainted,— 
among the planetary orbits of our solar system, which they 
intersect. But when separated from the controlling nucleus, 
this substance ceases to be perceptibly luminous. Newton 
even considered it possible that vapor es ex sole et stelUsfixis et 
cavdis cometarum, " vapours from the sim, the stars, and the 
tails of comets," might blend with our terrestrial atmosphere." 
No telescope has as yet indicated any sidereal character in 
the vaporous, rotating, and flattened ring of the zodiacal light. 
Whether the particles of which this ring consists, and which 
according to some are conceived to rotate upon themselves 
in obedience to dynamic conditions, and according to others 
merely to revolve round the Sun, arq illumined or self-lumi- 
nous, like many kinds of terrestrial vapours," is a question 
as yet imdecided. Dominique Cassini believed them to be 
small planetary bodies." It seems as if it were a requirement 
of the human intellect to seek in all fluid bodies for discrete, 
molecular particles,** similar to the full or hollow vesicles of 
which clouds are formed ; while the gradations in the decrease 
of density in our planetary system, from Mercury to Saturn and 
Neptune (from 1*12 to 0*14 ; the Earth being =1), leads the 
mind to the consideration of comets, through the external 



" Cosmos, vol. iii. p. 40. 

^ Newton, Pkilos, Nat, Principia Mathemattca, 1760, 
tom. iii. p. 671. 

" Cosmos, vol. i. p. 131. " /5. p. 130. 

•* Observations at the Cape^ § 109-111. 






if whose nuclei even a faiat star continues risible, and 
to tJiat of discrete particles, so deficient in density 
tliat their solidity, either within krge or small dimensions, 
can scarcely be characterized, except by the limits which 
bound them. It was by such cooBiderations as to the constitu- 
of the apparently vaporous zodiacal light that Cassini, 

lg before the discovery of the so-called smaller planets be- 
Mars and Jupiter, and prior to all conjectures regai-d- 
eteor-asteroids, was led to the idea that there exist 
cosmical bodies of all dimensions and a!l degrees of density. 
We here almost involuntarily touch upon the old metaphy- 
sical controversy regarding matter of primitive fluidity and 
that composed of discrete molecnlnr particleSj and therefore 
more amenable to mathematical treatment. From hence we 
turn the more readily to our former consideration of the 
pnrely objective part of the phenomenon. 

In the 3,926 (2,451+1.475;) positions which belong— 
a. to the portion of the firmament visible at Slough, and 
which we shall here for the sake of brevity term the northern 
heavens, according to the three catalogues of Sir "William 
Herschel from 17BG to 1802, and the above-named great 
ojtploration of the heavens published by his son in the Philoa. 
Transact of 1833; and b. to the portion of the soutltern 
heavens visible at the Cape of Good Hope, according to Sir 
John Herschel's African Catalogues, — nebula; and clusters of 
stars are set dovm indiscriminately together. I have, how. 
ever, deemed it best, notwithstanding the natural affini^ of 
these objects, to enumerate them separately, in order to indi- 
cate a definite epoch in the history of their discovery. I find 
that the Northern Catalogue" contains 2,299 nebulaj and 



" The data on which these numbers are based require 
explanation. The three catalogues of the elder Uerschel 
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152 clusters of stars; the Southern or Cape Catalogue, 1,239 
nebuliB and 236 clusters of stars. We have, therefore, 3,538 
for the number of the nebulse throughout the firmament 
which were given in these catalogues, as not yet resolved 



conttun 2,500 objects, viz. 2,303 nebulm and 187 clusters of 
stars. (Mädler, Aetr. p. 4'18.) These numbers were altered in 
the subsequent aud far more esact esploration made by Sir John 
Herschel (Observations of Nebulio and Clusters of Stare made 
at Slough with a twenty-feet reflector, between the years 
1825 and 1833, in Üi^ Philosophical Tranaactiona of the Royal 
Society of London for the year 1833, pp. 365-481). About 
1,800 objects were identical with those of the three earlier 
catalc^es : but 300 or 400 were temporarily excluded, and 
more than SOO newly discovered were determined according 
to Hight Ascension and Declination. (Struve, Astr. Stdlaire, 
p. 48.) The iVörfA^yn Catalogue contains 132 clusters of Eta», 
consequently 2.307— 152=2,155 nebulffi; but in reference to 
the Southern Catalogue (^Observations at th> Cape, p. 3, 
§ 6, 7.) wc have to subtract from the 4,015 — 2,307 
^1,708 objects, among which there are 236 clusters of stars 
(see Op. cit. p. 3, § 6, 7, p. 128), 233. viz. 89 + 135+9, 
as belonging to the Northern Catalogue, and observed by Sir 
William and Sir John lierschel at Slough, and by Messier in 
Paris. There remain, therefore, for the Capo observations, 
1,708—233=1,475 nebulaj and dusters of stars, or 1,239 
nebulffi alone. We have, however, to add 135 + 9=144 to 
the 2,807 objects of the Northern Slough Catalogue, which 
increase its numbers to 2,451 objects, in which, after sub- 
tracting 152 cloBters, there remain 2,299 nebula, a number 
which 18 not. however, very strictly limited to the latitude of 
Rlough. When numerical relations are to be given in the 
topography of the firmament of both hemispheres, the author 
feels that although such data are from their nature variable, 
owing to the differences in the epochs and the advances of 
obsen'ation, he is bound to have regard to their accuracy. 
In a sketch of the Cosmos, it must be endeavoured to delineate 
the condition of science appertaining to a definite epoch. 



) clusters. Thia number may, perhaps, be increased to 
ä take into account 300 or 400 seen by Sir Wil- 
Kttm Herachel," but not again determined, and the 629 
observed by Dunlop at Paramatta, with a nine-inch Newto- 
nian reflector, of which Sir John Herschel included only 206 
in his catalogue.'' Similar resuits have recently been pub- 
lished by Bond and Slädler. The number of nebula!, com- 
pared with that of double stars appears, therefore, according 
I the preaent condition of science, to be in the ratio of 
although it must not be forgotten that under the 
Bsignation of double-staj'a are included those which arc 
merely tiptically double, and that hitherto alterations of posi- 
tion have only been observed in a ninth, or perhaps but an 
eighth portion of the whole number." 

The above numberB— 2,299 nebuIsB, with 152 clusters of 

stars, in the Northern, and only 1,239 nebulfo, with 236 

dusters of stars, in the Southern Catalogue, —show that the 

mthem hemisphere, with a smaller number of nebulie, 

a preponderance of clusters of stars. If wc assume 

bat all nebulee are ti-om their probable coaatitution resolvable, 

I merely more remote clustors of stare or stellar groups, 

composed of smaller and less thronged, self-luminous celestial 

bodies, this appiirent contrast (whose importance has been 

^^te more noticed by Sir John Ilersehel" in consequence of 

^^^P* Sir John Herschcl says, in his Observallons at the Cape, 
^■L 134. "There are between 300 and 400 nebula of Sir 
William Ilersehel's Catalogue still unobserved by me; for 
the most part very faint objects." 

« Op. cit. § 7. Compare Dunlop^'s Cat. of Nebulm and 
Clutters of the Southern Hemispltere, in the Philos. Transact. 
for 182S, pp. 114-146. 
•• Comtot, vol. iii. p. 272. 
•• Obnervationa at the Cape, § 105-107. 
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his having employed reflectors of equal poweis in both 
hemispheres), indicates, at least, a striking difference in the 
nature and cosmical position of nebultc, tliat is lo gay, in 
reference to the directions in whicli they present themselTM 
to the obscrvatiou of Üw inhabitants of the earth in the 
northern or southern firmame-at. 

We owe to tlie same great obseirer our first accurate 
knowledge of, and cosmical survey of the distribution of 
nebuluc and groups of stars throughout the entire heavenB. 
With a view of investigating their position, relative local 
accumulation, and the probability or improbability of their 
being aiTanged in accordance with certain characteristie 
features, he classified between three and four thousand objects 
graphically, in divisions, each embracing a space measuring 3" 
Declination and 15m. Right Ascension. The greatest accu- 
mulation of nebulous spots occurs in the northern hemisphere, 
where they are distributed through Leo Major and Leo Minor; 
the body, tail, and hind feet of the Great Bear; the nose of 
Camelopardalus; the tail of the Dragon; Cones Venatiei; 
Cuma Berenices (where the north pole of the galaxy is 
situated) ;" the right foot of Bootes ; and more especially 
tlirough the head, wings, and shoulder of Virgo. This zone, 
which has been termed the nebulous region of Virgo, con- 
tains, as already stated," one-third of all the nebulous bodiea 
in a space embracing the eighlii part of the surface of the 
celestial hemisphere. It does not stretch far beyond the 

" In the Contnoa, vol. iii. p. 194, lines 5 and 6 from the 
top, by an error of the press the words »nul/t pole and norlh 
pole have been confounded, 

" " In this region of Virgo, occupying about one-eighth of 
the whole surface of the sphere, one-third of the entire 
nebulous contents of the heavens are congregated." — Outlines. 
p. 596. 






^C^ptic, extending only from \ii6 southern wing of Virgo to the 
extremity of Hydra and to the head of the Centaur, without 
reaching its feet or the Southern Cross. A less dense accu- 
mulation of nebidce in the northern hemisphere, which ex- 
tends further south than the furiner, lias been uamed by Sir 
John Herschel l/ie nehuhun region of Pisces. It forma a zone, 
beginning with Andromeda, which it almost entirely incloses, 
«tretching beyond the breast and wings of Pegasus, and the 
band uniting the Fishes, and extending towards the southern 
galactic pole and Fomalhnut. A striking contrast to these 
acoumulations presents itself in the barren region lying near 
.Fttseos, Aries, Taurus, the head and ehest of Orion, around 
Luriga, Hercules, Aqitila, and the whole constellation of 
If we diWde all the nebula; aud clusters of stars 
contained in the Northern Catalogue (of Slough), and clas- 
siäed according to Right Aacensiou (as given in Sir John 
Herschel's Observations at the Cape.) into six groups of four 
bouTB each, we obtain the following result ; — 



E. Asc. Oh.], 



Ily a more careful separatiou, according to Northern and 
them Declination, we find that in the sis hours Itight 
Ascension from 9h. — I6h, there are accumulated 1,111 nebuJm 



239. 



■ In reference to this barren region, i 
" ', § 101, p. 135. 
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and clusters of stars in the northern hemisphere alone, 
viz.;** 

From 9h. . . lOh. ' 90 

10 ..11 150 

11 .. 12 251 

12 ..13 309 

13 ..14 181 

14 ..15 130. 

The actual northern maximum lies, therefore^ between 12b. 
and 13h., very near the north galactic pole. Beyond that 
point, between 15h. and 16h. towards Hercules, the diminution 
is so rapid that the number 130 is followed directly by 40. 

The southern hemisphere presents not only a smaller num- 
ber, but a far more regular distribution of nebulae. Kegion» 
destitute of nebuhe here frequently alternate with sporadic 
nebul8&. An actual local accumulation, more dense indeed 
than the nebulous region of Virgo in the northern heaven», 
occurs only in the Great Magellanic Cloud, which alone 
contains as many as 300 nebulae. The immediate polar 
regions of both hemispheres are poor in nebulae, and to a 
distance of 15® the Southern Pole is still more so than the 
Northern, in the ratio of 4 to 7. The present North Pole 
exhibits a small nebula, only 5 minutes' distance firom it, 
whilst a similar nebulous body, which Sir John Herschel has 
aptly named Nebula polarissima Australts, (No. 3176 of his 
Cape Catalogue, K A. 9h. 27m. 56s.; N. P. D. 179'' 34' 14*^ 
is situated at a distance of 25 minutes from the South Pole. 



*• I have based these numerical data on a computation of 
the numbers yielded by the projection of the northern 
heavens as given in Observations at the Cape^ pi. xi. 
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Mb paucity of Btitra in the eoutt polar region, and the 
e of any pole-star yisible to the naked eye, were made 
She subject of hitter lamentation hy Amerigo Vespucci and 
■Vicente Yafiea Pinzon, when, at the close of the fifteenth 
B Century, they penetrated far heyond the equator to Cape San 
T Augustin, and when the former even expressed the erroneous 
[• (pinion that the fine passage of Dante, ^'/a mi vols» a man 
' dsstra, e posi metile . . ." and the four stars dcscrihcd as 
naißtorch' alia prima genie," referred to antarctic 
polar stars." 

** Humholdt, Examen critique de I' Hist, de la Geographie, 
torn. iv. p. 319. The Venetian Cadamostn (more properly 
called AlvisG da Ca da Mosto) firat turned his attention to 
the discovery of the position of a south-polar star, when in 
company with Antoniotto TJsodimare at the mouth of the 
Senegal, in 1454, in the course of one of the many voyages in 
which the Portuguese engaged, under the auspices of the 
Infante Don Henrique, for the purpose of advancing along 
the western shores of Africa, beyond the equator. - While 
I stiU see the north polar star," he writes, being theo in 
about 13' north latitude, " I cannot see the south polar star 
itself, but the constellation which I perceive towards the 
Lb, is the Carro del otlro, (waggon of the south) ; {Alogsli 
lam, Nitvig., cap. 43, p. 32; liamusio, Delle Navigatiotii et 
^ggi, Tol. i. p. 107), Could he have traced the figure of a 
Bi^^n among some of the larger stars of the constellation 
Argo ? The idea that both poles had a constellation of the 
"Wain" or waggon, appears to have been so universal in that 
age that there is a drawing of a constellation perfectly similar 
to Ursa Minor, supposed to have been seen hy Cadamosto, 
both in the Itinerarium Porltigalleme, IÖ08, fol. 23 b, and 
in GtrynmuB, {Novas Orbia, 1532. p. 58); whilst Ramusio 
{Navigaliorti, vol. i. p. 107), and the new Collecgüo de No- 
tieiaspara a Hisl. e Oeog. das Nagoes UUratnarinas (torn, ii, 
Lieboa, 1813, p. 57, cap. 39), in the place of the former, give 
an equally arbitrary drawing of the Southern Cross. (Hum- 
boldt, Examen cril, de I'Kiat. de la Oiogr. tom. t. p. 236,) 
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We have hitherto considered nebulm in reference to their 
number and their distribution in what we call tiie finnainent, 
— an apparent diBtribution which must not, howcTer, be 



Since, in the middle ages, and probably for the sake of re- 
placing the two Dnncen, x°P^'"'h °^ Hyginus {Poet. AttroH. 
ÜL I), t. e. the Ludenlea of the Schohast of Germanicus, 
or the Ca.itiides of Vegetius in the Les»er Wain, the stars 
ß and 7 of Ursa Minor hod been denominated the Guards, 
h due giutrdie, ot the neighbouring north pole, on account 
of their rotation round that point, and as this designation, 
aa well as the habit of determining polar altitudes hy 
these Guards (Pedro de Medina, Arte de Navegar, 1545, 
lib. V. caps. 4-7, pp. 183-iaS,) was familiar to the European 
pilots of all nations in the northern seas ; so erroneous conolo- 
eions led men to believe from analagf that they could recog- 
nise in the southern horizon the pol^ star which had so long 
been sought for. It was not until Amerigo Vespucci's 
aecond voyage {from May, 1499, to September, 1500), when 
he and Vicente Ynuest Pinzon (both voyages are perhaps one 
and the same) advanced as far in the eouihem hemisphere 
as Cape San Augustiu, that they devoted themselves dUi. 
gently, hut to no purpose, to the search for a visible star in 
Uie immediate vicini^ of the South Pole. (Bandini, Vita a 
Zittere di Amerigo Vespucci, 1745, p. 70 ; Anghiera, 
Oceaniea, 1510, dec. i. lib. ix. p. 96; Humboldt. Examen 
orit, torn. iv. pp. 205, 319, 325.) The South Pole was then 
situated within the constellation Details, so that ß of Hydnu, 
if vre follow the reduction of Brisbane's Catalogue, had Btill 
a southern declination of fully 80° 5'. " While 1 was engaged 
in obMrving the wonders of the southern heavens, imd in 
vainly seeking for a pole-star, I was reminded," «ays Vespucci, 
in his letter to Pietro Francesco de' Medici. " of nn expresüoa 
made use of by our Dante, when, in the first chapter of the 
Purgatorio. he depicts a presumed passage from one hemi- 
sphere to the other, and in deseribiug the Autartic Pole, tayt, 

10 mi vohi a man deslra In my opinion the 

author intended in these verses to indicate the pole of tho 
Other firmament by his four stars («on visle mai/uorch' alia 



confounded with theii actual distribution through the regions 
of Bpace. We now, therefore, proceed to the oousidcration 
of the remarkable differeucea presented by their indliidaal 



prima gente). I am ihe more certain of this, because I 
actually saw four stars, which together formed a lozeuge, and 

had a slight (?) movement." Vespucci refers to the Southern 
Cross, In croce maraviglioaa of Andrea Corsali (Letter from 
Cochin, dated January 6, 1515, in Aamiwio, vol. i. p. 177), 
whose name he did not then know ; but which, subsequently 
served to mark, to all pilots the position of the South Polo 
(as ß and 7 Urs. Min. indicated the North Pole. {Mem. de 
I' Acad, des Sciences, 1666-1699, torn, vü. part 2, Paris, 1729, 
p. 58.) This constellation also served for dcterminationa of 
latitude. (Pedro de 'i.lcAate., Arte de Navegar, 1545, lib. v. 
■cap, xL p. 204-) Compare my investigation of the celebrated 
passage of Dante in the EiartKn crit. de VHist. do la Giogr. 
torn. iv. pp. 319-334. I there drew attention to the fact that 
<i of the Southern Cross, which was carefully observed in 
modern times, by Dunlop (1826), and by Rumker (1836), 
at Paramatta, is one of those stars whose multiple nature was 
first recognized in 1681 and 1687 by the Jesuits Fontaney, 
Noel, and Eichaud. {Hist de I' Acad. dep. 1686-1699, torn. li. 
Par. 1733, p. 19; Mim, de VAcad. dep. 1666-1699, torn. vii. 
2, Par. 1729, p. 206; Lettres Mßantes, recueil vii. 1703, 
p. 79.) This early recognition of binary systems, long before 
that of f Ursie Maj. {Cosmos, vol. iii. p. 252), is the more 
remarkable, as Lacaille, serenty years later, did not describe 
a Crucis as a double star ; perhaps (as Kilmker conjectures), 
because the main star and the companion were then not suffi- 
ciently distant &om each other. (Compare Sir John Uerschel, 
Observations at the Cape, § 183—185.) Richaud also disco- 
vered the binary character of o Cenlauri, almost simultaneously 
with that of u Crucis, and fully nineteen years before the 
voyage of Feuillee, to whom Henderson erroneously attributed 
the discovery.. Richaud remarks, " that at the tiiae of the 
Comet of 16S9, the two stars which form the double star 
« Cruets were at a considerable distance from each other; 
Init that in a twelve.Geet refractor, both parts of a Centauri 




forms, which are eitter regular (globular, more or less 
plliptical, annular, planetary, or resembling the photosphere 
surrounding a star), or irregular and almost as difficult to 
classify as those of the aggregated aqueous yapour of our 
atmosphere — the clouds. The elliptica! (spheroidal) form" 
has been regarded ns the normal type of nebulse; this form 
is moat readily resolved into clusters of stars, when it 
BBSumea a globular shape in the telescope; but whea, on 
the other hand, with instruments of equal powers, it appears 
much flattened, elongated in one dimension, and discoidal, it 
ia less easy of resolution.* Gradual transitions of form from 
the round to the elongated, elliptical, or awl-shaped form, are 
of frequent occurrence in the heavens. {Pkilos. Transact. 1 833, 
p. 494, pi. ix. figs. 19-24.) The nebula is always condensed 
around one or more central points (nuclei). It is only among 
the class of round and oval nebula that we recogmze 
double nebula, in which, as no ictative motion is perceptible 
among the individual nebulous bodies, either in consequence 
of its absence or its estremo slowness, we arc deficient in a 

could be distinctly recognized, and appeared to be nearly in 
contact, 

" Observations at the Crtpe, § 44, 104. 

" Cosmos, vol. iii. p. 190 and note. As we hiive already 
remarked in reference to clusters of stars {Ibid., p. 193), 
Mr. Bond, of the United States, succeeded, by means of the 
great spaee- penetrating power of his refractor, in completely 
resolving the very elongated, elliptical nebula of Andromeda, 
which, according to Bouillatid, had been already described 
before the time of Simon Morius in 985 and 1428. It has a 
reddish light. Near this celebrated nebula lies the stÜl unre- 
solved, but very simil/irly shaped nebula, discovered on the 
27th of August, 1783, by my honoured friend, Miss Caroline 
Herachel, who died at an advanced age, universally esteemed. 
(Pfiilos. Transact. 1833, No. 61 of the Catalogue of Nebulffl, 
fig. 62.) 



criterioa by wHch to prove the existence of a mutua! relation 
between the two, as in distinguishing helween p/ii/sica//i/, and 
merely optically double stars. Figures of double nebulae are 
given in the Phitos. Trartsacf. for the year 1833, figs. 68-71. 
Compare also Ilerschel, OiUlines of Astr. % 878; Oliserv. at 
the Cape of Good Hope, § 120. 

Annular nebuls are of the rarest occurrence, According 
to Lord Bosse, we are acquainted with seven of theee bodies 
in the northern hemisphere; the most celebrated of these is 
situated between ß and 7 Lyrse (No, 57, Messier; No. 3023 
of Sir John Herscbei's Catalogue), and was discovered in 
1779 by Darquicr at Toulouse, when Bode'a Comet passed 
nciir it Its apparent si/.e is nearly equal to that of Jupiter's 
disc, and its form is an eliipae, whose greater and lesser axes 
are in the ratio of fi to 4. The interior of the ring is not 
black, hut somewhat illumined. Sir William Hersehel disco- 
vered Bome stars in the ring, which has siuee been entirely 
resolved by Lord Rosse and Mr. Bond.*' The splendid 
amiular nebulse of the southern hemisphere, cumbered 3680 
and 3686, appear, on the contrary, perfectly black in the 
interior of the rings. The last-named of the two is not ellipti- 
cal, but perfectly round;*^ all are probably ajinular clusters of 
stare. The increasing power of optical instruments appears, 
moreover, generally to render the contour of both elliptical 
^bad annular nebulffi less defined; thus, for instance. Lord 



^f " "Annular Nebula:" — Observations at the Cape,^. 53; 
OuilimB of Adr. p. 602. " Nibuhuse perforce :"~Aia.go, 
in the Annitaire pour 1842, p. 423; Bond, in Schum. Aatroit. 
JVacAr. No. 611. 

" Observations at the Cape.p. 114, pi. vi. figs. 3 and 4. 
Compare also No. 2072 in the Philos. Transact, for 1833, 
p. 466. See Nichol, Thoughts on the System of the World, 
p. 21, pi. iv. and p. 22, pi. I fig. 5. 
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Rosse's colossal telescope exhibite Üie annular nebula of Lyra 
in the form of a simple ellipse, witli Temarknble divei^ent, 
thread-like nebulonB appendages. The trangformation effected 
in a nebulous spot — Lord Rosse's Crab nebula — which ap- 
pears in instruments of inferior power to be a simple elliptidd 
body, is particularly striking. 

The ao-ealled planetary nebula;, which were first observed 
by the elder Herschel, and wliich rank amongst the most 
remarkable phenomena of the heavens, although of less rare 
occurrence than annular nebulte, do not number, according to 
Sir John Herschel, more than 25, of which nearly three- 
fonrths lie within the eonthem hemisphere. These bodies 
present the moat striking resemblance to plauetary discs; the 
greater number are round, or somewhat oval, and either 
sharply defined or indistinct and vaporous nt the margins. 
The discs of many of these nebulae present a very uniform 
light, whilst others appear mottled, or of a pecuhar texture 
as if curdled. No trace of condensation round a central point 
has over been observed, Lord Rosse has recognized five 
planetary nebulous spots to be annular nebulro, having one or 
two central stars. The lai^est of these planetary nebulie is 
situated in the Great Bear (near ß Urste Maj.) and was dis- 
covered by M^chaitt in 1781. The diameter of the diac''iB 
2' 40'. The planetary nebula in the Southern Cross (No. 
8365, Ohservationa at the Gaps, p. 100), with a disc having a 
diameter scarcely equal to 12'. exhibits the brightness of a 
star of the 6'Tth magnitude. Its light is indigo-blue, aiid the 

" If we consider the planetary nebula in the Great Bear to 
be a sphere having an apparent diameter of 2' 40", "and 
assume its distance to be equal to the known distance of 61 
Cvgni, we shall obtain an actual diameter for the sphere, 
which is seven times greater than the orbit described by 
Neptune."— Ou/ii'ne*, § 876. 



e colour, which is very remarkable in nebulte, is observed 

I three olher objects of the eamo form, although in the 
latter the blae is leas intense.*" The blue colour of some 
planetary nebula) does not raiiitate against the possibility of 
their being composed of small stars ; for we find blue stars 
not only ns the individual members of a pair of double-stars, 
but evea stellar clusters composed entirely of blue stars, or of 
the latter interspersed witli small red and yellow stars." 

The qnestiou whether planetary nehulte are very remote 
nebulous stars, in which our telescopic vision is uuable to 
recognize the difference between a luminous central star, and 
the vaporous envelope surrounding it, has already been consi- 
dered in the beginning of my Delineation of Nature?^ Would 
that Lord Rosse a colossal telescope might finally be tlie means 
of elucidating the nature of these remarkable planetary va- 
porous discs ! Although there is considerable difficulty in 
acquiring a clear conception of the complicated dynamic 

*° Outlines, p. 603; Observations at the Cape, § 47. 
There is an orange-red star of the eighth magnitude in the 
vicinity of No, 3365; hut tlie planetary nebula retains its 
deep indigo-blue colour when the red star is not in the field 
of the telescope, The colour is, therefore, not the effect of 
contrast, 

" Cosmos, vol. iii. pp, 184, 283, and note. The companion 
and the main-star are blue, or bluish, in more than 63 double 
stars. Indigo-blue stars are intermixed in the splendid, 
maay-colomed clusters of stars. No. 8435 of the Cape Cata- 
logue (Dunlop's Catalogue, No. 301). An entirely uniform 
blue cluster of stars is observed in the southern heavens. 
(No. 573 of Dunlop; No. 377Ü of Sir John Herschel.) This 
duster has a diameter of 3^', with prolongations measuring 
8' in length ; the stars are of the Hth and 16th magnitude. 
{Observations at the Cape, p. 119.) 

" Cosmos, vol. i. p. 68 and note. Compare Outlines, 
§ 877. 
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conditions under which, in a globular or spheroidaUy flattened 
stellar cluster, the rotating crowded suns, whose specific 
density is greater towards the centre, constitute a system of 
equilibrium;^ this dijficulty increases still more in those 
circular, well-defined, planetary, nebulous discs which exhibit 
a perfectly imiform brightness, without any increase of in- 
tensity towards the centre. Such a condition seems to depend 
less upon sphericity of form (the state of aggregation of 
many thousand small stars,) than on the existence of a 
gaseous photosphere, which is supposed, as in our Sim, to 
be covered with a thin, imtransparent, or very faintly illu- 
minated stratum of vapour. Does the light in the planetary 
nebulous disc appear to be thus uniformly diffused, simply in 
consequence of the great distance, which causes the difference 
between the centre and the margins to disappear ? 

The fourth and last order of regular nebulsB comprises Sir 
William Herschers nebulous stars, i, e, true stars surrounded 
by a milky nebula, which is very probably connected with, 
and dependent upon, the central star. Very different opinions 
exist as to whether the nebula, which, according to Lord 
Kosse and Mr. Stoney, appears to be perfectly annular in 
some of these groups {Philos, Transact, for 1850, pi. xxxviii. 
figs. 15 and 16), is self-luminous, forming a photosphere 
like our Sun, or whether) which, however, is less pro- 



* On the development of the dynamic relations manifested 
in the partial attractions in the interior of a globular cluster 
of stars, which appears in a telescope of weak power, as a 
round nebula increasing in density towards the centre, see 
Sir John Herschel, in Outlines of Astronomy, § 866 and 
872; Observations at the Cape, §44, 111 to 113; Philos. 
Transact, for 1833, p. 501; Address of the President in the 
Repori of the Fifteenth Meeting of the British Association^ 
1845, p. xxxvii. 



bable) it is amply illumined by the central Sua. It iras 
the opinion of Derham, and to some extent also of Lacaille, 
trho discovered many nebulous stars at the Cape of Gofl 
Hope, that the stars were situated far irom the nebultB q 
-which they were projected. Mairan appears (1T31) first t 
have expressed the view that nebulous stars are surrounded by 
an atmosphere of light appertaining to them.*' We even 
find that some of the lai^er stars (of the 7th magnitude, 
for instance, as No. 67ö of tiii: Catalogue of 1833), I 
photosphere, whose diameter measures from 2' to 3'." 

The large nebulous masses of irregular configm'atioi 
pose a chisB of nebula» differing entirely from those wi 
described as regular, and which are, at al! events, faintly 
defined. They are characterized by the most variously un- 
symmetrical forms, having indefinite and confused outlines. 
These bodies, which constitate mysterious phenomena sui 
generis, have mainly given occasion to the opinions advanced 
in reference to the existence of cosmkal clouiis and aelf- 
hi^tinous nebula, supposed to be distributed through the 
regions of space, and to resemble the substratum of the 
Äodiacal light. These irregular nebula;, which eov 
tion of the fii-mament several square degrees ii 
present a str ikin g contrast with the smallest of all 1 
regular isolated and oval nebulous discs, which : 
iu luminous intensity to a telescopic star of the 141 
magnitude, and is situated between the constellations i 
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Mairan, Traite de TAurore horeale, p. 2G3; Arago, j 
jinwtaire pour 1842, pp. 403-413. 
In other instances these nebulous stars are only of ti 
eighth to the ninth magnitude: oa Nob. 311 and 420 of tl 
Catalogue of lö33, fig. 31, having photospheres of 1' "' 
{Outlines, % 879.) 
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and ApuB, in the eoutbem hemisphere.*' No two of the 
unBymmetricEil, diffused nebulous luasseB resemble one an- 
other;" but, ndda Sir John Herpchel, from the eiperience of 
many years' obaervation, one thing observed in reference to 
them, and which gives them a peculiar character, is, that 
all are situated within or very near to the margins of the 
Milky Way, aud may be regarded as off-shootB from it. On 
the contrary, the regularly shaped and well-defined enudl 
nebulous spots are partly scattered over the <ffho1e heavens, 
and partly compressed together in special regions, far from 
the Milky Way, as, for instance, in the northern hemisphere, 
in the regions of Virgo and Pisces. Although the large 
irregular nebulous mass in the sword of Orion is oertiinly 
situated at a considerable distance irom the visible margin 
of the Galaxy (fiilly 15°), still even it may perhaps belong 
to that prolongation of its branch which appears to lose itself 
from a and e Persei towards Aldeharnn and the Ilyades, and 
to which we have already referred at p. 199. The brilliant 
sturs which gave early celebrity to the constellation of Orion, 



" Obierraliom at the Cape, p. 117, no 3727, pi. vi. fig. 16. 

" We meet with remarkable forms of irregular nehulie, as, 
for ins tun oe. the omega-nhapeA (Obiervationa at the Cope.pl.n, 
tig. 1, No, 2008), which has been investigated and described 
by Lamont, and by a meritorious North Aincrican astronomer, 
lir. Mason, whose early loss is much to bo lamented {Mem. 
of the Ainer. Philo». Society, vol. vii. p. 117); anebula haTing 
from 6 lo 8 nuclei {Observations at the Cape. p. 19, pi. ül 
fig. 4); the eometary tuft-like form in which the nebulous 
rays seeta occasionally to expand, as from a star of the ninth 
magnitude (pi. vi. tig' 18. Nos. 2334 and 3688); a mlhouetta 
profile, or bast-like outline (pi. iv. fig. 4, No. 3075); a 
fissure-like opening, inetoting a filiform nebula, (No. 3S0I, 
pi. iv. fig. 2; Outline», % S83; Obtervatiana at ik» Oapt, 
% 121.) 



are, moreover, reckoned to belong to that zone of very large, 
(ind probably less remote stars, wLose prolonged direction 
indicates the Tast circle of the Southern Galaxy, passing; 

through e Orionis and a Crucis.'* 

The opinion which at one time prevailed so extensively" 
of the existence of a galary of nfhulm intersecting the stoHar 
Milky Way almost at right angles, has not been confirmed by 
more recent and accurate observations in reference to the 
distribution of symmetrieol nebula; in the firmament." There 
certainly are, as has already been observed, very great accu- 
mulations at the northern pole of the Gnlasy. while a very 
considerable abundance of nebulous matter is also observed 
at the south galactic pole near Pisces; but in consequence of 
the many interruptions which break the zone, we are unable 
to indicate any large circle connecting these poles together, 
and fonued by a continued line of nebula, William Hcr- 
ecbel, in advancing this view in 1784, at the close of his first 
treatise on the structure of the heavens, developed it with a 
caution worthy of such an observer, and from which doubt 
was not entirely excluded. 
m Some of the irregular, or rather uasymmefrical nebula; 



B^ (hsmot, vol. iii. p. IS)!). Oulllm», g 785. 

^» " Co»ma3, vol. i. p. 141 and note; Sir John IFerschers 
first edition of his Treatise on Astronomy, 1833. in Lardnet'« 
Cahinet Cyelopmdia, § 616; Littruw, Theoretische Astro- 
nom.ie. 1834. th. ü. § 234. 

•° See Edinburgh Review, January, 1848, p. 187, and 
Observations at the Copt, § 96, 107. "The distribution of 
the nebulffl is not like lh.it of the Milky Way," says Sir John 
Herschel, "in a zone or band encircling the heavens; or if 
such a cone can be at all traced out, it is with so many inter- 
ruptions, and so faintly marked out through by far tlie greater 
port of its circumference, that its existence as such can be 
h&rdly more than suspected." 
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(as those in the sword of Orion, near ij Argus, in Sagittarius 
and in Cygnue), are remarkable for their extraordinary size; 
othew (aB Nos. 27 and 51 of Messier'8 Catalogue) tea their 
singular forms. 

It has already been noticed in refei'ence to the large nebula 
in the »word of Orion, that Galileo never mentioned it, 
although he devoted so much attention to the stars between 
the girdle and the sword," and even sketched a mop of this 
region of the heavens. That which lie nntues Nebulosa 
Orioins, and delineates in the vicinity of Nehvlom Prmsepe, 
he expressly deelarcs to be on accumulation of small stars, 
(^stellartim constipatarum) in the head of Orion. la the drawing | 
which he gives in the Sideriua Nuneiua, | 20, extending from 



" "There can be no doubt," writes Dr. Galle, "that the 
drawing" [Opere di Galilei. Padova, 1744, torn. ii. p, 14, 
No. 20.) " which you gave me, includes the girdle and sword 
of Orioa, and consequently also the stnr 0, but it is difficult, 
owing to the striking inaccuracy of the drawing, to recognize 
the three small stars in the sword (the middle one of wMdi | 
is 0). and which appear to the unaided eye to be placed in a ' 
Btraight line. I conjecture that you have correctly desig- 
nated the star i, and that the bright tttar to the right and 
below, or the one immediately above it, is 0." Galileo 
expressly says, " In primo integram Ononis Constellationem 
pingerc dccreveram : verum, ab ingenti stellarum copia, 
temporis vera inopia ohrutue, aggressionem banc in aham 
occasionem distuli." Considering Galileo's observation of 
the constellation of Orion, we aie the more struck by the 
circumstance that the 400 stars which he thought he hod 
counted between the girdle and the sword of Orion in a 
space of ten square degrees (Nelli, Vila di Galilei, toI, i. 
p. 208). should subsequently (according to Lambert, Cot- 
mnlog. Briefe. 1760. p. 155.) have led him to the erroneous 
estimate of 1,650,000 stars for the whole tinnament. (Struve, 
Aitr. Stellaire, p. H and note 16.) 



the girdle to the beginning of the right leg (u Orirnie), I 
cognize the multiplo star 8 above the star i. The instrument 
employed by Galileo did not magnify more than from eight 
to thirty times. It is probable that ns the nebula in the 
sword is not isolated, hut appears, when se^n through imper- 
fect instruments or a hazy atmosphere, like a halo round 
star 0, its individual existence and configuration may hai 
escaped the notice of the great Florentine observer, 
moreover little inclined to assume the e.tistence of nebula. 
It was not luitil fourteen, years after Gidileo's death, in the 
year 16j6, that Huygens first obser^-ed the great nebula of 
Orion of which he gave a rough sketch In the S^gtema Saluy~ 
rtium, which appeared in I6Ö9. " While," says this great man, 
" I was observing, with a refractor of tiventy-five feet focal 
length, the variable belts of Jupiter, a daik central belt in 
Mars and some faint phases of this planet, my attention was 
attracted by an appearance among the fixed stars, which, as 
far as I know, has not boeo observed by any one else, nnd 
which, indeed, could not be recognized, except by such 
powerful instruments as I employ. Astronomers enumerate 
three stars in the sword of Orion, lying very near 
ther. On one occasion when, in 1656, I was nccideni 
observing the middle one of theso stars through my telesco] 
I saw twelve stars instead of a single one, which, indei 
not unlrequently happens, in using the telescope. Three of 
this uum.ber were almost in contact with one another, and 
Jour of them shone as if thi-ough a mist, so that the space 
around ihem, having the form drawn in the appended figure, 
appeared much brighter than the rest of the sky, which was 
perfectly clear, and looked almost black. This appcarnnco 
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locked, therefore, almost aa if there were a hiatus or ioter- 
rupdon. I bavc frequently observed thia pheaomeaon. and 
up to the present time as always unchanged in form ; whence 
it would appear that this aiarvelloua object, be its natura 
what it may be, is very probably permanently situated at thia 
spot. I never observed anything similar to this appearance 
in the other fixed stars." (The nebulous spot in Andromoda, 
described fifty-four ycai-s earlier by Simon Marius, must there- 
ibre either have been unknown U> him, or did not attract his 
attention.) That which Los usuiiUy been regarded as nebu- 
lous matter, adds Huygena, " cvea the Milky Way, when 
(seen through telescopes, exhibits nothing nebulous, and i» 
nothiuj^ more thau a. multitude of stars, thronged together 
in clusters."" ITie animation of this first description tes- 

" "Ex his autem tres illce pene infer se contigute steQge, 
CmDque his alisi quatuor, velut trans nebnlam lucebant : ita 
ut Bpatium circa ipeas, qua forma hie conspicitur, mnlto 
illustrius appareret reliquo omni coclo ; quod cum apprime 
sereuum esset ac cemeretur nigerrimum, velut hiatu quodam 
interruptum vidcbatur, per quern in plagnm magis lucidam 
^m esset prospectua. Idem vero in banc usque diem nihil imnm- 
^H tata fikcie stcpius atque eodem loco conapexi ; adeo ut per- 
^H petuam illic «edem habere credibile sit hoc quidqnid ost por- 
^f tenti : cui certe simile aliud nusquam apud reliquos fixss 
potui animadvertere. Nam csetera) nebulosaj oliin exiati- 
matEC, atque ipsa via lactea, perapicillo inspects, nullas 
nebulas habere comperiuntur, neque aliud esse quam plariam 
Btellarum oongeriea et freqiientia." — Christian! Hugenü, Optra 
varia, Lugd. Bat. 1724, pp, 54Ü-541. "Of these, however. 
those three almost conliguous stars, and, with these, four 
others shone, as it were, through a nebula ; so that the space 
around them, as is shown in this figure, is much more bril> 
iinnt than all the rest of the sky ; and when thia is very 
serene and appears quite dark, it seemed broken by a sort 
of gap, through which ono looked upon a brighter legioB . 



I 



tifies the (restuKSS and depth of tiie im 

tuB mind, bat bow great is the di 

nmde in the middle of the se« 

somenhat less impeHert dcseriptkiM of Ktmi, he 0mA 

and Messier, to the adminble detinealioM of Ad Joba HomM 

(1837), and of Williua Cnadb Bond {IM»), tke Dneckr oT 

the Observatory at Camlvi^e, U.S. !" 

The fomier of these two a rtr onomer» had the p*»t aAta^- 
tage" of observing the nebak m Orioa. flüee ISS4, «t &F 
Cbpe of Good Hope, at an altita^ of 60*. and with a »«■»- 



behind. The same thing I have äanx bebdd o 
iigain, without any chaise in 
position, so that one might 
velloas objcet, whalern- it i* 
it is certain I baT«: nowhere el«e noticed anrtfaii^ ■ 
this in the other fixed stare. For thoee which bare genamDr 
been considered as nebnle. and eren the Milky Way itaelt 
trben »een through a teleseope, are lonad to luve naUiiaf: 
nebulous about them, but are Mithng inace than a mdti- 
tude of KTeral stars cinsfered togetfaer." Hnjgens hiaarif 
estimated the powers he employed in h» twenty-fiT« fcrt 
refractor as equal to a hundred diamet«» Ip. 5äS}. Arc 
the " quatuor stellte trans nebulom lucentes " the sUn of 
the trapesinm ? The amaU and Terr rou^ (ketch (Tab. xhm. 
fig. 4, Phenomeium in Orieme Aarum.) represeats only a 
group of three stars, near an indratation which ooe K^ht 
certainly regard as the Sinus Magntu. Perhaps the dr aw in g 
gives only the three stars in the trapezium, which range from 
the fourth to the seventh magnitude. Dominique Ca«ni 
moreover boasts that he was the first who ofaaerred the fimith 

" William Cranch Bond, in the Trantattioiu of the Am»- 
rican Acaärmij of Arti and Seien 
pp. 87-96. 

" Obaervalions at the Cap«, § 54-09, pi. viü. ; Outli 
^837and88fi, pLiv.fig. 1. 
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feet reflector] by whicti meaaa] he was enabled to render 

hie etirlier delineations of 1624-1326 more perfect." Tbe 
positions of 150 stora, mostly of from the flfteentli to the 
eighteenth magnitudes, in the vicinity of Orionis wei« 
determined. The celebrated trapezium, which is not but- 
rounded by a nebula, ia formed of four stars of the fourtb, 
sixth, seventh, and eighth magnitudes. The fourtb star was 
discovered (in 16(16?) by Dominique Cassini, at Bologna ;" 
the 5th (f') in 1826, by Struve ; and the sistli {a), which is 
of the thirteenth magnitude, in the year 1832, by Sir John 
Herschel. De Vieo, the Director of the Observatorj- at the 
Collegio Romano, announced in the beginning of the year 
1839, that he had dtscovered three other stars in the trape- 
zium with his great Cauchois refiraotor. Theae have not 
been observed either by Sir John Herachel or Mr. Bond. 
That porliun of ihc nebnla nearest the almost unnebulous 
trapezium, and fonaing, as it were, the anterior part of the 
bead above the throat, the rei/io H-aygiMiana, is speckled, and 
of a grauuhu: texture, and has been resolved into clusters of 
stars both by Lord Bosse's colossal telescope and by the large 
Cambridge (U.S.) refractor.* Many positions of the smaller 

* Sir John Ilerscbel, in the Memoir» of the Astrotiomical 
Society, vol. Ü. 1824, pp. 487-495, pi. vii. viü. The latter 
of these gives the nomenclature of the separate regions of the 
nebula in Orion, which have been explored by so many 
astronomers, 

" Dehimbre, Hist, de f Astron. moderne, torn. ii. p. VOO. 
Cassini reckoned the appearance of this fourth star ("aggi- 
untadcihiquarta sU'lla alle tre contiguc,") among the changei 
which had taken place in the nebula of Orion in his time. 

" ■' It is remarkable, however, that within the area of the 
trapezium no nebula exists. The geueral aspect of the leu 
luminous and cirrous portion is simply nebulous and irresolV' 
able, but the brighter portion, immediately adjacent ta tlu 
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stars have been determined by (iccurnte obsorrers of tho 
present dny ; »a, for instance, Ijamont at Munich, and Cooper 
and Lassell in England. The first named of these em- 
ployed ft 1,200-fold magnifying power. Sir William Herschel 
vns of opinion, &om a comparison of his own obsorvn- 
tiona made with the a.ime instruments, from 1783 to 1811, 
that alteraiions had taken place in the relative brilliancy and 
in the outlines of the great nebula of Orion." BouiUand 
Snd Le Gentit had ninintaincd the same opinion in refcreneo 
to the nebula in Andromeda ; but the thorough investigations 
of Sir John Herschel have rendered the occurrence of any 
such cosmical changes, although formerly considered to be 
well eatablbhed, esccedingly doubtful, to say the least. 

The large nebula round i; Argus, ifl situated in that portion 
of the Milky Way, which entends from the feet of the Cen- 
taur, through the Southern Cross, towards the middle part of 
Argo, and is so distinguiBhetl by the intensity of its mug- 
trapezium, forming the square front of the head, is shown 
with the eighteen-inch reflector broken up into masses (very 
imperfectly represented in the figure), whose mottled and 
curdling light evidently indicates, by a sort of gmnular 
texture, its consisting of stars, and when esamincd under the 
great light of Lord Hosso'b reflector, or the exquisite defining 
power of the great achromatio nt Cambridge, U. S., is eyi- 
dcntly perceived to consist of clustering stars. There can, 
therefore, be little doubt as to the whole consisting of stars, 
tc» minute to be discerned individually even with these 
powerful aids, but which beeomo visible eis points of light 
a closely adjacent ia the more crowded parts." — OuUines, 
)9. William C. Uond, who made use of a twenty-five feet 
nctor, having a fourleeo-inch object-glass, says, " There 
Ka great diminution of light in the interior of the ti'apeztum, 
' o suspicion of a star." {Memoire of the American Atra- 
_ . now scries, vol. iii. p. 93.) 
"' Philoa, Tramaet. for the year 1811, vol. ci, p. 324. 
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nificent efiulgencc- The ligbt emanating from this r^oa is 

so extraordinary that Captain Jacob, aa accurate obserrer, 
and a i-esident in the tropical parts of Indiii, remarks, entirely 
in harmony with my prolonged experience: "Such is the 
general blaze from that part of the sky, that a person is 
immediately made aware of its having risen above the 
horizon, though he should not be at the time looking at the 
heavens, by the increase of general illumination of Üie 
atmosphere, resembling the effect of the young Moon." " 

The nebula, in the midst of which lies the star ij Aigüa, 
which has become so celebrated for the alterations ob»erved 
in the intensity of its light, covers a space of more than 4ths 
of a square degree.^' The nebula itself, which is divided 
into many unaymmetrical mosses of unequal luminous iRtcn- 
sity. nowhere exhibits the speckled, granular appearance which 
admits of the assumption of its resolvability. It incloses a sin- 
gulorly shaped, oval vacancy, covered with a faint glimmer of 
light. A fine delineationoftheentire appearance, the result of 
two months' measurements, is given in Sir John Herechel's Ob- 
servations at the CapeP This observer determined no less than 
1,21 6 positions of stars, mostly from the fourteenth to the six- 
teenth magnitudes, in the nebula of ij Argits, These e.^tend tax 
beyond the nebula Lato the Milky Way, where they stood 
clearly forth on the deep black ground of the sky, and ihey 
are probably, thci-efore, uncounected with, and fiir removed 
from, the nebula itself. The whole contiguous portion of the 
Milky Way is, moreover, so rich in stars (not clusters), that 



" Tramact. of the Roi/al Society of Edinhuri/h, vol. : 
1849, part iv. p. 446. 
? Ooamoa, vol. iii, pp. 240-243. 
™ Obaerv. at the Cape, § 70-90, pi. ix. Outlines, § S 
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f means of the telescopic stai-gaages 3.13S stars bav« been 

Ibnnd for every mean square degree between B. A. 9li. 30m. 

and lib. 34in. Tbese numbers even increase to 5.D93 in the 

sweeps for R. A. lib. 24m. that is to say, for one square 

degree of tlie armament, a number of stars greater than tboee 

I which are visible to the naked eye in the borieon of Paris or 

^^Jexandria, Irom the first to the sixth magnitude.^ 

^ l%e ntbula in Soffitiariut, which is of oonsideisble size, 

appears as if composed of fonr separate masses ( R. Asc. 

17h. 53m.; N. P. DecL IH' 21), one of which is aguin 

three- mcmbcred. All are interrupted by spola fret' &om 

nebulous matter, and the whole was imperfectly obeened by 



The nebula in Cygnut are several irregular masses, one of 
which forms a very narrow divided band, parsing through 
the double star tj C'ygnL Mason was the first to recognize 
the connection of these masses, so widely dilferent, by means 
of a singular cellular tissue." 

The nebula in Vulpea was imperfectly seen by Metier [No. 
27 of his Catalt^e) when he was making an observation of 
Bodes Comet in 1779. Sir John Uerschel was tiie firei who 
delineated and accurately determined its position (B- Asc. 
19° S2-; N. P. DecL 67" 43'). This nebula,; which is not of 
regular form, first received the name of the '" Dumb- 
n the application of a reflector with an eigbteen-inch 
, {Philos. Transact, for 1833. No. 2060, fig. 26; 



an irregi 
KM," on 



" Cosmoi, vol. ill. p. 142. 

'* Observ. at the Cape. § 24, pi. 1. fig. 1. No. 3721 of the 
Cbtalc^e ; OuUine», § 888. 

" The nebula in Cvgnus, partly in R. Asc. 20h. 49m. ; 
E-P. Decl. 58°27'. (ÖwC^/ne», § 891.) Compare Catalogue 



i, No. 2092, pi. xi. fig. 34. 
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Oullincs, % 681-) This Bimilnrity to a dumb-bell entirely 
disappeared in Lord Rossc'e reflector of three-feet aperture." 
(See his recent important deliweatioa, Philoa. Transact, for 
1850, pi. xxxviii. fig. 17.) It was also successfully resolved 
into numerous stars; which, however, continued mixed with 
nebulous matter. 

Tlie spiral nebula in the more narfkem of the Canes Venaliei 
was discovered by Messier on the lath of October, 1773 (on 
the occasion of his discovery of the Comet), in the left ear of 
Asterion, very uear i; (Benetnasch) in the tail of the Great 
Bear (No. 51 of Messier, and No. 1622 of the great Cata- 
logue published in the Philos. Trnnsact. for 1833, p. 496, 
fig. 25.) This is one of the most remarkable phenomena in 
the firmament, both ou account of its singular configuration, 
and of the unexpected transformative effect produced on its 
appearance by Lord Rosse's six-feet speculum. In Sir John 
Herschers eightcen-inch reflector, the nebula presented the 
appearance of a spherical body, eurrouadcd by a fur distant 
ring, so that it exhibited, as it were, an image of our 
staiTy stratum with its galactic ling.'" But in the spring of 
1845, the large Farsonstown telescope transformed the whole 
into a helicinc twisted coil — a luminous spiral, whose convo- 
lutions appear unequal, and arc prolonged at both extre- 
mities, both in the centre and outwards, into dense, granular, 
globular nodules. Dr. Nichol made a drawing of this object, 

" Compare pi. ii. fig. 2 with pL v. in Thoiighii o» 
»ome important points relating to the si/steni of the teorld, 
184G, (by Dr. Nichol, Professor of Astronomy at Glasgow), 
p. S2. " Lord Rosse," says Sir John Herschel, Ouilinta, 
p. 607, " describes and figures it as resolved into nmnerous 
stars with much intermixed nebula.'' 

" Catmos, vol. i. p. 141 and note, where the nebula, 
No. 1 622, is tcnned a ■' brother-system." 



'vrhicb was liüd before the Meeting of the British Association 
at Cambridge, in 1845, by Lord Rosse." But tho mostperfett 
delineation of this nebula has been given by Mr. Johnst«nc 
Stoney. {PAilos. Transact. 1850, part i. pi. xsxv. fig. 1.) 
A ßimilar spiral form is observed iu No. 99 of Messier's Cutn- 
logue, which presents also a single central nucleus, and in 
other northern nebula;. 

It still remains for us to notice, more circumstantiaUy than 
oould be done in "the general delineation of Nature,"'" an 
object which is unparalleled in the world of forms exhibited 
tbrougbout the firmament, and by which the pieluresque 
effect of the soutbern hemisphere — if I may be permitted 
to use the e.xpression — is heightened. Tlic two Magellanic 
Clouds, which were probably first named Cape Clouds by 
Portuguese, and subsequently by Dutch and Danish pilots," 
most Btrnngly rivet the attention of travellers, as I can testify 
from personal experience, by the intensity of their light, their 
individual isoLition and their common rotation round tbo 
South Pole, although at different distances ftom it. Wc 
learn from the express mention and definite description of 
Idtese cirding clouds of light by the Florentine, Andrea 
ill, in bis travels to Cochin, and by the Secretary et 






« Report of the Fifteenth Meeting of the Sriliah Aaao- 
nation for the Adfancenieiil of Sciejme, Notices, p. 4; Nichol, 
Thoughts, p, 23. (Compare pi. ü, fig. I, with pi. vi.) In 
the Outlines, §832, we find the following pa.sBage: -"njo 
wbole, if not clearly resolved into stars, has a resolvable 
character, which evidently indicates its composition." 

" Coiinos, vol. i. p. 69 and note. 

•» Lacaillc. in the Mim. de VAcnd. annee 1756, p. 195. 
This is an unfortunate confusion of terminology, in the same 
manner as liomer and Littrow call the Cool-bags Magellanie 
»pot», or Cape Ciotula. 
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Ferdinand the Catholic, Petrus Martyr de Anghiera, in his 
work De rebus Oceanicis et Orhe novo (dec. i. lib. ix. p. 96), 
that the designation which refers to Magellan's circumna- 
vigation is not the older name.^ For the notices here 
indicated are both of the year 1515; whilst Pigafetta, the 
companion of Magellan, does not mention the nehhiette in 
his journal earlier than January, 1521, when the ship "Vic- 
toria " passed through the Patagonian Straits into the South 
Sea. The Tery old designation of " Cape Clouds" did not, 
moreover, arise from the vicinity of the more southern con* 
st^llation of " Table moimt," since the latter was first intro- 
duced by Lacaille. The name would more probably seem to 
refer to the actual Table Mountain, and to the appearance of a 
small cloud on its summit, which was dreaded by mariners as 
portending the coming of a storm. We shall presently see 
that both the nubecula, which had been long observed in the 
southern hemisphere, although not definitely named, acquired 
with the spread of navigation, and the increasing animation of 
certain commercial routes, designations which were derived 
from these very routes themselves. 

The constant navigation of the Indian Ocean, washing the 
shores of Eastern Africa, was the earliest means — especially 
since the time of the Lagides and the Monsun-navigation — of 
making mariners acquainted with the stars near the Southern 
Pole. As early as the middle of the tenth century, we find, 
as ah'eady observed, that the Arabs had given a name to the 
larger of the Magellanic Clouds. This designation is, accord- 
ing to Ideler's researches, identical with that of the WkUe 
Ox, el-hakar, of the celebrated astronomer, Derwisch Abdur- 
rahman Sufi of Hai', a city in the Persian province of Irak. 
In his Introduction to the knowledge of the starry heavenM^^ 

^ ■■■■■■■■■■■■■-—■- ■ ■■■■ 111 ■lllllll. , ,, — ^P»^— ^,^^— — ^^^M,l^— i^— ^ 

" Cosmos, vol. ii. p. 665 and note. 



\rliic]i he coiii|iDScd at the Court of the Sullans of the dynasty 
of the Bn\4des, he says thai " below the feet of the Suhtl (by 
which he espresily means the Subel of Ptolemy, Canopus, 
although the Arabian astronomeis named many other \arge 
stars of Argo, cl-seßna, Suhel.) there is a 'white spot,' which 
■ia invisible both in Irak (in the district of liagdad nod in 
^^BTedsch. 'Nedjed,') and in the more nortbeni and mouniainous 
^^■vt of Arabia; but may be seen in the Southern TehamH, 
^^btween Mecca and the extremity of Yemen, along the coast 
^K the Red Sea."" The rehitire position of the White Ot to 
^Hyhnopus, is here indicated with sufficient accuracy for the 
jiaked eye; for the Right ^Vscension of Canopus is Ch. 20m., 
and the eaetem margin of the lai^r Magellanic Clouds lies 
ID Right Ascension 6b. The yigibility of the Nubecula major 
in northern latitudes cannot have been appreciably affected by 
the precession of the equinoxes sine« the tenth century, 
for the maximum distance from the north was attained during 
the succeeding ten centuries If we follow the recent de- 
termination of position for the laj'gcr cloud by Sir John 
Herschei, we shall find that it waa perfectly risible as far 
^^ftorth as 17" in tJic time of Abdurrahman Sufi ; at the present 
^Hfau it is seen in about 18° north latitude. The southern 
^^Knida must therefore have been visible ihixtughout the whole 
^^BF south-westeru Arabia, in iladhramaut (noted for its frank- 
incense) OS well OS in Yemen, the ancient seat of civilization 



" Ideler. UnteratiEhunge» über den ürsprvrtg und die Beam, 
tui^ der Stemnamen, 1809, p. slis. 262. The name Ab- 
durrahman Sufi was contracted by Ulugh Eeg from Abdur- 
rahman Ebn-Omar Ebn-Mohammed £bn-Sahl Abu'l-Ilassan 
ol-Sufl el-Razi. Ulugh Beg, who like Nassir-eddin, amended 
the Ptolemaic star-positions from his own observations (1437), 
admits that he borrowed from AbdniTahmau Sufi's work, the 
positions of 27 southern stars, not viEible at Snmarcond. 
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of Saba, and tlie long establiahed colony of the Joctanides. 
Tho BOQlhcrnmost estremityof Arabia, at Aden, on tbe StroiU 
of Bab-el -Mandeb, is situated in 12° 45', and Loheia in 15° 44' 
nortt latitude. The settlement of many Arabian colonies on 
tlio eastern coast of Africa between the tropics, north and 
south of the equator, naturally led to a more special know- 
ledge of the eoutliern Btara. 

'llie western coasts of Africa beyond the line were firat 
visited by some of the more cultivated European pilots (espe- 
cially Catalauians and Portuguese). Undoubted documents, 
such as the Map of the \^'or]d of Marino Sacuto Torsello.of the 
year 1306, the Genoese Portulano Medicco (1351), the/Vonw- 
feiio de la foit/ina (1417), and the Mappa-mondo di Fra 
Mauro Camaldolese (between 1457 and 1459); prove that the 
triangular configuration of the southern extremity of tlie 
African Continent was known 178 years before the so-called 
ßrst discovery of the Caho Tarmcntoso (Cape of Good Hope), 
by Bartholomäus Diaz, in the month of May, 1487.'» The 
importanee of such a commercial route, rapidly increasing 
from the time of Garaa's expedition, was, on account of the 
common aim of alt West-African voyages, the occasion of 
the two Southern Clouds being designated by the pilots Cap» 



" Sec my geographical investigations on the discovery of 
the eoulhcm extremity of Africa, and on the statemenls of 
Cardinal Zurla and Count Baldclli in the Exumm crit. th 
1'H.Ut. de la Geographie aux qitmzieme et Mciziime tiieleM, 
torn, i, pp. 229-348. The discovery of the Cape of Good 
Hope, which Martin Bchaim calls tbe Terra Fragosa, and not 
Cabo Toitnentoga, was made, singularly enough, when Dtas 
came from the eatt (from the Bay of Algoa, 33° 47' south 
latitude, and more than 7° 18' east of Table Bay). Lieh- 
tenstein, in Das Valeria iidUcke Mu»eum, Hamburgh, 1810. 
g 372-389. 
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Cloiiä«, aft remarkable celifstial pUunomcna seen durii)g 
ages to the Cape. 

. The constant eade^ivoura made to advance along 
eastern shores of America, beyond the equator, and cyen 
to tlio southern extremity of the continent, dii*ectcd the 
attention of mariners uninterruptedly to the southern elai?) 
from the period of Alonso de llojedn's expedition, iu which 
Amerigo Vespucci took pait (in 1491)), to that of Magellan 
and Sebastian del Cono in 1521, and of Garcia dc Loayso,,^ 
with Francisco de Hocea in 152.5, It would appear from 
journals still extant, and from the historical testimony 
Anghiera, that the southern Btura were made thi 
objects of attention dm'ing the voyage in which Amerigo 
^'espucci and Vicente Yaiiez I'inzon discovered Cape San 
Augustin iu 8° 2D' eouth latitude. Vespucci boasts on this 
occasion of having seen three Canopi (one dai'k, Canopo 
fosco; and two bright Btors, Canopi rhpletidenti). We find 
from an attempt made by Ideler, the ingenious autli 
works on the " Names of the Stars " and on ■' Chroiiolof 
to explain Vespucci's very confused description o 
houlhem heavens, in his letter to Lorenzo Picrfi-ances 
Medici, of the party of the "I'opolani," that Vespucci 
tLu name in nearly as indefinite a manner as the Aral 



" llio merit of the discovery of the southenimost e: 
af the new continent in 55' south latitude (whose importaiufl 
has not been sufficiently cHtimated), is due to Fi-aiicis M_ 
Hoces, who commanded one of the ships of the expedition cf 
Loaysa in 1S25. It is very characteristically described iu 
Urdaueta's Journal by the words acahamlento tie lievni. '' the 
ceasing of land." De Hoces probably saw a portion of Ten; 
del Fuego west of Staten Island, for Cape Horn is situatflc 
according to Fitzroy, in 55'' 5ö' 41". See Navarrete, F«t« 
j( dencubrim. de los Bspanole», torn, v. pp. 28, 404. 
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aatrooomers tad used the word Stihel. Ideler shows that the 

" Canopo foaco nella via laitm" must have been the black 
spot, or large coal-aack in the Southern Cross; while the posi- 
tion of thiee Btars, in which are supposed to be reci^ized 
ff, (3, and 7 of llydrus, renders il very probable that the 
"canopo risplentlentc di noloiile //randeita,'' (of considerable 
extent) is the Nubecula major, and the second risplendente 
the Nubectda minor." It is Tcry singular that Vespucci. 
ahotJd not have compared these recently-noticed celestial 
objpcts to clouds, as al! other ohserTera had done. One 
would have thought the comparison irresistible. Peter Mar- 
tyr Anghiera, who was personally acquainted with all the 
diaeoverers, and whose letters were written under the 
vivid impression excited in his mind by their narratives, 
describes, with striking truthfulness, the mild, but unequal 
effulgence of the nubecnlBe. He says: " Asseeuli sunt Por- 
tugallenses altcrius poli gradum quinquagesimum ampHiu, 
ubi punctum, (polum?) circumeuntes quasdam nuhectilas licet 
intoeri, veluti in lactea via sparsoa fiilgores per univcrsi coeli 
globum intra ejus spatii latitudinem." " • The exceeding fame, 

" Humboldt, Examen eril. de la Giagr, torn. iv. pp. 20S, 
395-316; torn. v. pp. 225-229, 235. Ideler, StemnmMH, 
§346. 

" Petrus Martyr Angh. Oceanka, dec. iii. lib. i. p. 217, 
I can prove from the numerical data in dee. ii. lib. s. p. 2M, 
and dec. iii. lib. x. p. 232, that the portion of the Oceaniea. 
in which the Magellanic Clouds are referred to, was wrilteit 
between 1514 and 1516, and therefore immediately afler Üio 
expedition of Juan Diaz de Solls to the Rio de la Plata (then 
known as the Aw de Solis, una mar duke). The latitude« are 
much exaggerated. 

* " The Portuguese extended their discoveries to within 
less than 50 degrees of tbc South Pole, where they plainly 
observed certain nebulte moving round the point (pol»^jy- 



and tlie long dumtion of Kfagellan's cuvamnaTigation (rrom 
Anguet, 1519, to September. 1S22), and the long twjoura 
of a numerous crew under the southern sky, obliterated the 
remembrance of all earlier observations, and Epread tlie name 
of the MageBanie Ciouds among all the seafaring nations of 
the Mediterranean. 

Wo have thus shown by a single esample how the exten- 
sion of tiie geographical horizon southward opened a new 
field to contempiatiTe SEtrononny. There were four ob- 
jects to which the attention of pilots was cspeciiiily directed 
in the new hemisphere, viz. the aearcli for a southern polar 
star, the form of the Southern Cross, which assumes a vertical 
position when it posses through the meridian of the place of 
obsen-ation. tjte Coal-sacJcs, and the circling clouds of light. 
We learn from the treatise o« Ihe art of navigation {Arte de 
Ndf eifar, lib. t. cap. 1 1 ), by Pedro de Medina, which has been 
translated into many languuges, and first appeared in 1545, 
that the meridian altitudes of the " Cruzero " were used aa 
early as the first half of the sixteenth centory for the deter- 
minations of latitude. Measurement soon succeeded the 
merely contemplative observation. The first work on the 
position of stars contiguous to the antarctic pole was based 
on the distances of known stars of the Rudolphinc Tables, as 
calculated by Tycho Brahe, This work, as I have already 
observed," was composed by Petrus Tlieodori of Embden, 
and Friedrich Houtmaa of PloUand, who navigated the 
Indian Seas about the year 1594. The results of their 
meoaarementfl were speedily embodied in the Star-Cataloguea 



like the luminons spots scattered in the Milky Way 
throughout the arch of heaven within the breadth of that 



* Cotmos, toL H, p. 666; vol. iii. pp. 151, 187. 
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and celeatial globes of Blaeuw (1601), of Bayer (1603), and 
of Paul Merula (1605). Such were the materials for the 
foundation of the topography of tlie southern heu-venB before 
Halley ( 1677 ), and before the meritorious astronomical 
researches of the Jesuits Jean de Fontaney, Ricbaud and 
Noel. The intimate connection between the history of 
nstronomy and that of geography thus indicates those merao- 
Tftble epochs in which (scarcely two hundred and fifty years 
ago) men first acquired the knowledge necessary for the 
completion of the cosmical image of the firmament and of 
the configuration of continents. 

The Magellanic Clouds^ the larger of which covers a celes- 
tial space of forty-two, and the smaller a space of ten sqnare 
degrees, certainly produce, at first sight, the same impression 
on the uuoided eye aa might be excited by two bright por- 
tions of the Milky Way, equal in size and isolated in position. 
The smaller cloud entirely disappears in clear moonlight, 
while the larger one only loses a considerable portion of its 
brightness. Sir John II erscbel's delineation of these objectsis 
admirable, and accurately corresponds with the vivid impres- 
sions escited in my own mind diu-ing my sojourn in Peru. 
Astronomy is indebted to the laborious researches of this 
observer at the Cape of Good Hope in 1837, for the first 
accurate analysis of this most wondrous a^^cgation of hcle- 
rogeneous elements." He found a large number of iadiTidual 



Ö9 and note. Sec Obsem. at Ih« Cap», 
gives a representation of the Magellai ' 



" C'oijiios, vol. i. 
pp. 143-164; pi. vi ^ 

Clouds as they appear to the naked eye ; pi. x, the telesoopiü 
analysis of the Nubecitla Major, and pi. xi. fig. 4 (§ 20-23), 
affords a spceial new of the nebula DoradCis. Ou/Uma, 
S 892-896, pi. V. fiji;. 1. and James Dunlop in the PMlot. 
Tramnct. for 1828, part i. pp, 147-151. So erroneous were 
the views of the earlier observers that the Jesuit Fontaney. 
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wlio was gre atly ettpesed b«- DanäsogxK n«i'i." ^ad. 
wbom we are indelitcd ibr acaaj ^laluii^ aSTcmoaiäcal 
aenrations in India and C%äa wrcce 
as 1685. **Le grand ct le 

räigofieies. Us ne panössent i.an iM ii ir arr vn asa» d' 
comme Pnesepe Canal, ni meme 

la nebaleiise d'Andiomede. On n t moit presqiie xicn ai 
de tr^ giandes lanettes, qnoiqae sans ce M .c miifc on les 'rove 
fort blancs, particolierement le grand nnase."^ ** IVe laige 
and the small dood are both tcsj remarkable objects, l^hey 
do not appear a mere mass of stais, Hke Pneeepe in Caneer« 
nor are thej a faint li^t, like the nebola in Andromeda. 
Very little is to be seen within these bodies even with large 
instruments, althongh when observed without soch optical 
aid they appear Tery white, and this is especially the case 
with the bulge cloud." — Lettre du Pere de Fomitmey am Pert 
de la Chaize^ Confesseur du Hot, in the Lettre* EdiJUuUeSy 
Becueil vii. 1703, p. 78; and Hist, de VAcad. des Sdenees 
dep. 1686-1699 (torn. ii. Paris, 1733), p. 19. In my 
description of the Magellanic Clouds, in tiie text, I have 
exclusively followed Sir John Herschel's work. 
^ Co9mosy Tol. iii. p. 196, and note. 
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latioa Toucan,"' ^^ubecula Minor is situated in a portion 
of the hcarena barren of stars, and Nubecula Major in a 
IchS Btarlees region. The form aud internal structure of the 
latter are so involved that it presents many separate masses (ac 
seen in No. 2878 of IleiscLerB Catalogue), which present an 
accurate image of the aggregate condition of the whole clouds. 
The conjecture advanced by the meritorious observer Homer, 
that the clouds were once parts of the Milky Way, in which we 
can, as it were, recognize their original place, is a myth, and 
quite 3s unfounded as the assertion that they have exhibited, 
since Lacaille's time, a progreaaivc movement — an alteration of 
position. Their position was incorrectly given in couBequence 
of the indistinctncsa of their margins, when seen through 
the older telescope having smaller apertures than our more 
recently conetructed instruments ; and Sir John Ilerschel 
states that the lesser cloud is inserted about lb. Rt. Asc. out 
of its true position, in all celestial globes and star-maps. 
According to him Nubecitla 3/(nor lies between the meridians 
of Oh. 28m. and Ih. 15m. N. P. Dec!. 162'' and 165°; 
Nvhenuh Major in lit. Asc. 4h. 40m. — 6h. Om., and N. P. 
Decl. 1 5R and 1 62°. In the former he has catalogued accord- 
ing to right ascension and declination no lese than 919 stars, 
nebula;, and clusters, and in the latter 244. With a. view of 
separating the three classes, I have counted the objecta in 
the catalogue, which I find gires for 
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Kebuln. Clnslcn. 



Nubecula Major 
Nubecula Minor 



The inconsiderable number of nebulae contained in Nuhcculs 
Minor is very striking, for we find that, compared to the 



°° Cosmot, p. 192 and not«. 



THE MAOELLAJIIC CLODDS. 

1 Nubecula Major they are only as 1 : S, wliile the 

^atio of the isolated stars is about 1 : 3. The catalogued 

stars, almost 800 in aumber, are for tlie most pttrt of the Till 

and 8tb magnitudes; some few belong even to the 9lh and 

10th magnitudes. There is in the middle of the larger 

. doud a nebula, noticed by Lacailie, (30 Doradiis, Bode 

tio. 2941 of Sir John Heraehel'a Catalogue,) which is said to 

semble no other nebulous body is form. Although it 

Kjupies eearcely sns*'* ■'^ ^^^ '"''^^ °^ ^^ whole cloud. Sir 

L Herschel has determined the position of 105 stars of 

I the 14th to the Uith magnitude in this space. These 

'' Stars are projected on the wholly unresolved, uniformly briglit 

and unspcckled nebula."' 

The £lack Sprcis which attracted the attention of Portu- 
guese and Spanish pilots as early as the close of the 1 Dth and 
die beginning of the 16th centuries, circle round the Eouthem 
pole opposite to tfaeMagcUanic Light-clouds, although at a 
greater distance from it. They are probably, as already 
remarked, the Canopo/osco of the "three Canopi," described 
by Amerigo Vespucci in his third voyage. I find the first 
definite notice of these spots in the 1st Decade of Anghiera'a 
Wjrk. " De Rebut Oceanicü," (Dee. 1, üb. 9, ed. 1533, 
p. 20,b.) " Interrogati a me nautte qui Vicentium Agnem 
Pinaonum fuerant comitati (1499), an antarcticum viderint 
polum: stellam se nuUam huic Areticaa similem, qute disoemi 
circa punctum tpoium?) possit, cognovisse inquiunt. Stel- 
laram tarnen aliam, ajunt, se prospesisse facicm denaainque 
1 ab horizonte vaporosam caUginem, quie oculos fere 



' See Obierv. at the Cape, § 20-23 and 133, the beautiful 
, pi. ii. fig. 4, and a special map of the graphical 
olysis. PL X. as well as Oullmes, § 896, pi r. fig. 1. 



' 348 COBMO«. ^^^^^^ 

obtenebraret."* The word slella ie used here for a celestial 

constellation, and the narrators may not have explained 
themselves veiy distinctly in reference to a caligo which 
obscured their sight. Father Joseph Acosta, of Medina del 
('umpa, givea a more satis&ctory account of the ßlack Specks 
and the cause of this phenomenon, lie compares them, in 
his Hittoria Natural de las Indias (lib. i. cap. 2), to the 
darkened portion of the Moon's disc in respect to colour and 
form. "As the Milky Way," he says, "is more brilliant 
because it is composed of denser celestial matter, and hence 
gives forth more light; so likewise the Black Specks, which are 
not visible in Europe, are entirely devoid of light, because 
they constitute a portion of the heavens wliicli is barren, 
1, e. composed of very attenuated and transparent matter." 
The error of a. distinguished astronomer in supposing that this 
description referred to the spots of the Sua," seems scarcely 
less singuhir than that the missionary Richaud (iG89) should 
have mistaken Aeosta's " manchas nei/raw," for the luminous 
Mngellanie Clouds." 

Hichaud, moreover, like the earliest pilots, speaks of the 
Coal-sacks in the plm-al, mentioning two, of which the large 
one was situated in the constellation of tlie Cross and another 



* "I asked some mariners who had accompanied Vieen- 
tiuB Agnes Pinzo (1499), whether they saw tlie antarctic 

Iiole ; and they told rae that they did not observe any star 
ike our Nortb Star, which may be seen about the arctic pole, 
but that they noticed stars in another form, having the 
appearance of a dense and dork vapour rising from the 
lurizon, which almost ohscnred their vision. 
" Oomttos. vol. ii. pp. 665 and note. 

" M^m. de VAcad. deit Sciences dep. 1666 Jimyu'd 1699^ 
t. vii. partie 2 (Paris, 1729), p. 306. 



in Charles' Oak; the latter, according to other descripti 
was Bubdlvided into two distinct spccte. These v 
scribed by reuillte, in the early part of the eighteenth 
century, and by Horner (in a letter to Olbers, written from 
Brazil in 1804), as undeßued, and having confused outlines.'* 
I was unable during my residence in Pei-u to discovp 
thing definite ns to the Coal-Baclis in Charles' Oak ; i 
I was disposed to ascribe thin to the low position 
constellation, I applied for information to Sir John Utt 
schel and to Riimker, the Director of the Observatory i 
Homhui'gh, who had been in far more Sontheru latitu 
than myself. Notwithstanding their endeavours, tbcy w 
equally unsuccessful in discovering anything that could be 
compared lor definitenesB of outline and intensity of black- 
ness with the Coal-sack in the Cross. Sir John HeiBchel is 
of opinion that we cannot speak of a plui'ality of Coal-sacks, 
unless we would include under that head every ill-defined 
and darker portion of the heavens, as the regions betwe« 
a Centaiu-i and ß and 7 Trianguli," between 9 and 6 Argi 
and more especially the barren portion of the Milky Way 
the Northern heavens, between e, a, and 7 Cygni."' 

The longest knoivn Ulack S/jeck in the Soutlicm Cross^ 
and the one which is also the most striking as seen by the 
naked eye, is of a peor-hke ehnpe, and hes on the eiistem ai^^ 
of that constellation, in 8° long, and 5° lat. This lurge s; 
presents one visible star of the 6tb to the Ttb magnitude, tc 

* Letter to Olhers from St. Catharina (January. 1804), 
in Zach's Monall, Corresponiietii :iir Beßrd. tier Ei-d-unft 
Hifamels- Kunde, Bd. x. p. 240. See, on Feui)l6e's obser- 
vation and rough sketch of the Black spot in the Souther 
Cross. Zach, Op. cit. Bd. xt. 1807, pp. 388-391. 

•• Observ. at the Cape, pi. xiii. 

" Outline» af Astronomy, p. 631. 



I 



ther with a large number of telescopic stars, varying from the 
11th to the ] 3th lua^itudes. A small group of 40 stars lies 
nearly in the centre." The paacity of stars and the «on- 
trast with the magnificent effulgence of the ncighboDrin^ 
heavens, arc assigned as the causes of the remarkable black- 
ness of this portion of the firmament. This opinion, which 
has been generally maintained since LacaUle's time," h» 
been especially confirmed by the "gauges" and "sweeps" 
made round the region where the Milky Way appears as if 
covered by a black cloud- The Coal-bag yielded from 
BCi-en to nine telescopic stars for every sweep, but nerec 
an entirely blank field; while in a field of equal siee the 
margins presented from 120 to 200 stars. This mode of 
ciplanation, which ascribes the darkness to contrast alone, 
did not, although perhaps incorrectly, appear qidte satis- 
factory to me while I was in a tropical region, and re- 
mained under the vivid impression produced on my mind 
by the aspect of the Southern heavens, William Hersehel's 
considerations on wholly starless regions in Scorpio and 
Sei-pentarius, and which he has termed '• openings in the 



" Ol>»erv. at the Cape, p. 884, No. 3407. of the catalogue 
of nebultc and clusters. (Compare Dunlop in the Phuos. 
Transact, for 1828. p. 149, and No. 273 of his Catalo^e.) 

" " Cette apparcnco d'un noir fonc^ dans la partie Orien- 
tale de la Cioix du Sud, qui frappe la vue de tous ceus qui 
regardent le ciel austral, est causae par la vivaeite de la 
bhmcheur de la voie lact^ qui renfenne I'cspace noir et 
I'entourc de tous cutes.'' "The appearance of deep black in 
the eastern portion of the Southern Cj'oss, which strikes oU 
who observe the heavens in those regions, is owing to the 
intensity of the whiteness of the Milky Way surrounding the 



black ST 



n every 



side." 



-LacaiUc, in tho Mem. d» VAead. 



des Sciences, annee 1755 (Paris, 1761), p. 190. 



taveas" led me to the idea that the stany strata lying 
nd one another in such regions may be less dense, or 
even wholly interrupted, and that our instruments being 
insufficient to penetrate to these last strata, " we look into the 
remote regions of space, as through tubes." I have already 
L elsewhere noticed these openings,*" and the effects of pei-spec- 
I'tive on such interruptions in the starry strata have again been 
lately mode the subject of earnest consideration. ''° 

The extreme and most remote strata of self-luminous 
osmical bodies, — the distances of nebulie, — all that has 
1 considered in the last seven sidereal or astrognostic 
af this work, fill the imagination and the speculative 
ind of man with images of time and space surpassing his 

f comprehension. 
However wonderful are fbe improvements made in optical 
instruments within scnreely sixty years, we are at the same 
time too well acquainted with the difficulties of their con- 
struction to indulge in the bold and even unlicensed antici- 
pations so ardently cherished by the intellectual Hooke from 
1663 to 1665.'°' Moderation in the expectations entertained 
will be the most likely to lead to their fulfilment. Each 
succeeding generation has reaped the noblest and most 
exalted results from the triumphs of free intellect in the 



" Co«mo», vol. i. p. 143 and note. 

100 "WTien we see," says Sir John Herschel, " in tho 
Coal-sack (near a Crucis) a sharply defined oval space free 
from stars, it would seem much less probable that a conical or 
iubular hollow traverscTi the whole of a starry stratum, con- 
tinuously extended from the eye outwards, than that a distant 
mass of comparatively moderate thickness should be simply 
perforated from side to side."— OoCA'tim. § 792, p. 532. 

'" Lettre de Mr. Hooke d M. Auzout, in the Mem. de 
j'Acadimie, 1666-1699, torn. rii. partie 2, pp. 30, 73, 
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different stages to which art has gradually exalted itself. 
Without attempting to express in definite numbers the dis- 
tances to which the space-penetrating powers of telescopic 
vision may already reach ; and without attaching much con- 
fidence to such numbers, the knowledge of the velocity of 
light yet proclaims that the appearance of the remotest star, — 
the light-generating process on its surface, — ^is the ''most 
ancient sensuous evidence of the existence of matter." ^^ 



*^ Cosmos, vol. i. p. 145. 



»1 
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PLAXET8 KSTD THKIR 8ATKIXITK1.— COKEüft. ^KOTG OF TH£ 

ZODIACAI. I«IGHT.^-eWAmja OF XZXZX»K-A«rZX.OIIH^. 



Ox passing, in the rnnologieml partioB of dbe pliTBfal 
description of the murexse, from the heaTm of the fixed ftsv 
to our solar and planetary system, we deseend from the 
great and universal to the rdatiTelT small and speesaL 
The domain of the Son is the domain of one indirid-oal 
fixed star amcmgst the millioiis lerealed to ns in the firma- 
ment by telescopic aid — the limitpd space in which renr 
A'arious cosmical bodies, in obedience to the direct attraction 
of a central body, lerolTc axoond it in more or len extended 
orbits, whether they are isolated or encirded by other bodie« 
similar to themselves. Among the stellar bodies whose arrangü- 
ment we have endeavoured to consider in the sidereal portion 
of the Uranology, there is, indeed, a class of those millions of 
telescopic fixed stars — double stars — ^which exhibit tpeciaL 
binary, or multiple systems; but notwithstanding the analogs* 
presented by the forces by which they are impelled« they yet 
di£^r in their natural character from our solar system. I» 
them, self-lmninous fixed stars revolve round one common 
centre of gravity, which is not filled with visible matter : 
while in our solar system dark cosmical bodies rotate around 
a self-luminous body ; or, to speak more definitely, around 
one common centre of gravity, which lies at different timcfi 
either within or without the central body. ''The great 
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ellipBe wHich the Earth describes round the Suo, iB reflected 
in a small perfectly similar one, in which the central point of 
the Sun moves round its own and the Earth's common centre 
of gravity." In general notices like the present, we need 
hardly enter into any special consideration of the question 
as to whether the planetary bodies, among which we must 
class interior and exterior comets, may not be capable, at 
least in port, of generating some special light of their own, in 
addition to that which they receive from the central body. 

We have hitherto acquired no direct evidence of the exist- 
ence of dark planetary bodies revolving round other fixed 
stars. The faintness of the reflected Hght would prevent 
their ever being visible to us. if, aa Kepler conjectured 
flotig before Lambert) such bodies actually revolve round 
every fixed star. If the nearest fixed star, a Centauri, be 
226,000 times the Earth"s distance, or 7,523 times the 
distance of Neptune; if a very distant comet, that of 1680 
(to which has been ascribed, although on very uncertain 
data, a revolution of 8,S00 years), is twenty-eight limes the 
distance of Neptune &om our solar system when in its apbe- 
lion, then the distance of the fised star a Centauri is still 270 
tunes greater than the distance of our solar system irom the 
aphelion of the most remote comet. The light of Neptune 
is reflected to us from a distance tliirty times greater than 
our distance from the Sun. If, by the future construction of 
more powerful telescopes, three additional planets should be 
recognized, each situated at about 100 times the Earth's 
distance I'rom the other, even this would not amount to the 
eightli port of the distance intervening to the aphelion of 
the comet referred to ; or to the 2,2d0th part of the distance* 



'■ See Cosmos, vol. i. pp. 95, 138, where I based my cal- 
cnlationa on the distance (^ Uranus, which then constituted 
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1 order to reach our 
I it absolutely ueccBsaiy tliat we 
i of satellites arountt the fixed 
t a glance at the subordinate par- 
: large planetary syetem, we find 
t, notwithstanding the analogies which may present them- 
Ifelvea in planets attended by many satellites, there are others, 
»eh as Mercury, Venus, and Mars, wliicb have no attendant 
s disregard that which is merely possible, and 
nit ourselves to the consideration of that which is actually 
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the e:ttreme known boundary of the planetary system. If 
we assume the dtstiince of Neptune IVom the Sun to be 30-04 
times that of the lüaith, the distance of a Centauri from the 
Sun would still be 7523 times that of Neptune, the parallax 
being assumed as 0"-9128 (Cosmos, vol. iii. p. 2G1), yet the 
distance of 61 Cygni is nearly two and a half, and that of Sirius 
'"ha parallax of 2' -230) four limes that of a Centauri. 
distance of Neptune from the Sun is about 2,484 millions 
gei^raphical miles, and that of Uranus, according to 
nsen, about 1,586 millions. The distance of Sirius 
'ftroounts, according to Gallo (assuming the parallax computed 
by Henderson), to 896,800 radii of the Earth's orbit, or 
74,188.000 millions of geographical miles, a distance which 
gives fourteen years for the passage of light. The aphelion 
of the Comet of 1680 is forty-four times the distance of 
Ur.mus, and therefore twenty-eight times that of Neptune 
from the Sun. According to these assumptions the Sun's 
stance from the star a Centauri is nearly 270 times that of 
Comet in its aphelion, which we regard as the minimum 
the very bold estimates of the radius of the solar system 
« p. 277). The estimate of such numerical relations has, 
all events, this merit, notwithstanding other defects, that 
flie assumption of a very high standai'd of measurement of 
apace leads to results which muy be expressed in smallcv 
uumbera. 
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explored, we shall be vividly impressed TCith. the idea that the 
solar system, eRpecially in the great mutual connectioa 

^vealcd to us during the last ten years, yields the richest 
image of the evident and direct relations borne by many 
cosmtcal bodies to a special ooc. 

The more limited sphere of the planetary system afibrds by 
its very limitation undoubted advantages, both as to the 
certainty and correctness of the facts ascertained by measur- 
and calculating astronomy, over the results of a contempltt- 
i of the heaven of the fixed stars. Many of these reaidt« 
are only connected with contemplative astionoiny, through 
the medium of stellar swarms and nebulous groups, as well 

I of the insecurely-based pbotemetric arrangement of the 
stars. 'Hie most certain and brilliant portion of astrugnosy 
e determination of positions by right ascension and 
declination, — a department of astronomical seience that has 
been very extensively improved and incrcosed in our own 
day, in reference to isolated fixed stars, double stars, stellar 
masses, and nebulai. Equally difficult, although more or less 
accurately measureable relations likewise present themselves 
in the proper raotioa of the stars — the elements from wlücli 
their porallases arc determined— telescopic stÄr-gaugiug 
which leads us to the distribution in space of cosmical bodies — 
the periods of variable stars — and the slow revolution of 
double stars. That which from its very nature is not amena- 
ble to moasuvement, such as the relative position and con- 
figuration of starry strata or liugs of stars, the arrangement 
of the universe, and the effects of powerfully metamorphic 
physical forces' in the sudden appearance or extinction of 
tiic so-called new stars, excite the mind the more deeply and 
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Tividly, its touclimg oa tho coafines of the graceful domniik 
of fancy. 

We purposely abstain in the following pages irom entering 
on the consideration of the connection existing bctweeii our 
solar system and the systems of other fixed stars, nor shall we 
revert to the question of that suhordination and anncsation 
of cosraical systems which might ahiiost be said to foree 
itself on our notice from Intellectual necessity ; nor yet will 
we consider whether our central body, the Sun, may not 
itself stand in some planetary dependence on a higher sys- 
tem, — not even, perhaps, as a main planet, but merely as a 
planetary satellite, like Jupiter's moons. Limited within the 
more famihar sphere of our solar region, we, however, enjoy 
this advantage, that with the excejition of what refers to 
the signification of the surface-appcarauce or gaseous enve- 
lopes of the rerois-ing cosmical bodies, the simple or 
divided tails of comets, the ring of the eodincal light, or 
the mysterious fippearnnce of meteoric asteroids, almost all 
the results of observation admit of being referred to numerical 
relations, as the deductions of strictly-tested presupposition v. 
It does not, however, belong to the sketch of a physical 
description of the universe to test the accuracy of such pre- 
Huppositiona, its province being simply to give a methodical 
arrangement of numerical results. They constitute the 
important heritage which, ever augmenting, is bequeathed 
by one century to another. A table, comprising the nume- 
ijeal elements of the planets (that is to say. thei: 
from the Sun, sidereal periods of revt 
eaceatricity of their orbils, their inclination towaff^ 
ecliptic, their diameter, mass, and density), 
embrace within Tcry narrow limits the i-ecord of t 
great intellectual conquests of the present age. 
far a moment transport ourselves in imagination to the tiia 
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of the ancients, and fency Pbilolaus the PytLagorean, the 
instructor of Plato, Aristarchiia of Sa.mos, or Hipporchua, in 
possession of such a numerical tabic, or of a graphic repre- 
sentation of the orbits of the planet», such as is given in onr 
most epitomized manuals ; there is scarcely anything to 
which we could compare the admiration and surprise of 
these men, — the heroes of the early and limited knowledge 
of that age, — eicepting, perhaps, that which might have been 
experienced by Eratosthenes, Strabo, and Claudius Ptolemy, 
could they have seen one of our maps of the world, on 
Mercator's projection, not above a few inches in length and 
breadth. 

The return of comets in closed elliptical orbits, as a conse- 
quence of the attractive force of the central body, indicates 
the limits of the solar region. As, however, wo are as yet 
ignorant whether comets may not some day appear in which 
the major axis may prove to be larger than any that have n» 
yet been observed and calculated, these bodies must be 
regarded as indicating, in their apbelia, merely the limit« to 
which the solar regions must ai least extend. Hence we may 
characterize the solar system, by the visible and measurable 
results of peculiar operating central forces, and by the cos- 
mical bodies (planets and comets) which rotate round the 
Sun in closed orbits, and arc intimately connected with it. 
The considerations which at present engage our attention, do 
not embrace a notice of the attinction which the Sun may 
exert on other suns (or fixed stara) lying beyond the limits of 
these rC'&ppeaiing cosmical bodies. 

According to the state of our knowledge at the close of this 
half of the nineteenth century, the solar region includes the 
foUowing bodies, airanging the planets according to their 
respective distances irom the central body: 



THE SOrAS SEQIOIT. 

22 PamciPAi PtiHETS (Uebcurt, Vescb, thk 
EjlBth, Mass; Flora, Vicloria. Veila, Irü, Metis, JMe, 
Parihenope, Irate, Aslrrea, Egtria, Juno. Cera. Pa/tat, 
llygica; Jdpiter, Satubx, Cbxsus, Neptune) ; 

21 Satellites (1 belonging to the Eartb, 4 to Jupiter, 
6 to Saturn, 6 to Uranus, 3 to Neptune) ; 

197 CoicETS, whose orbits have been c.ileulatcd. Of 
these 6 are iaUrior ; i. e. such as have ibcir aphelk inclosed 
within the oatermost of the planetary orbits, viz. tbat of 
Neptune; we may Tery probably odd to these; 

Thk Rikg of xhk Zodiacal Light, whith probably 
lies between the orbits of Venus and Miltk ; and likewise, 
according to the opinion of numerous observers: 

Tax SwABus OF TUB Metlor-Asteboids which more 

IBtpecially intersect tho Earth's orbit at certain points. 
b Ü1C enumeration of the 22 principal plajiets, of which 
ply were known before the 13th of March, 1T81, the 14 
S^ planets, which are sometimes termed cii~ptanels or 
^oidt, and describe intersecting orbits between Kfors and 
piter, have been distinguished from the 8 larger planets by 
the use of smaller type. 

The following occurrences constitute main epochs in the 

more recent history of planetary discoveries. The discovery 

of TJrauus, as the first planet beyond Saturn's orbit, by 

William Herschel at ISath. on the 13tb of March, 1781, who 

rec ognized it by its'motion and disc-like form ; the discovery 

^^^Xeres — the first observed of the smaller planets — on the 

^^H«f January, 1801, by Piazzi at Palermo; the recognition 

^l^the first interior comet by Encke at Gotha, in August, 

1819; and the prediction of the existence of Neptune by 

Leverrier, at Paris, in August, 1846, by the calculation of 

planetary diBtuibances, as well as the discovery of Neptune 
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by Oalle, at Berlin, on the 23rd of September, 1846, These 
inqrartimt discoveries have not only tended directly to extend 
qnd enrich out knowledge of the solar system, hut have 
fortlier led to numerous other discoveries of a similar 
nature ; as, for instance, to the knowledge of 5 other interior 
comets (of Biela, Faye, De Vico, Brorsen, and D' Arrest, 
between 1826 and 1851), and of 13 small planets, three 
of which, Pallas, Juno, and Vesta, were discovered from 
1801 to 1807, and after an interval of fully thirty-e^ht 
years, since Hencke's ftn-tunate and preconceived discovery 
of Astreea, on the eth of December, 1845, the 9 others 
were discovered, in rapid succession, by Hencke, Hind, 
Graham, and De Gaspans, fivm 1845 to the middle of 1851. 
The attention of observers has of late been ao extensively 
directed to the cometary world, that the orbits of 33 newly. 
discovered comets have been calculated during the last eleven 
years; hence, nearly as many as bad been determined during 
the previous forty yeara of this century. 





THE STK COXSIDEKED AS THE CENTSAJ. BODt 

The lantrm of the world {lueema Mutuli), ae Copenticoa 
names the Sim,' enthroned in the centre, is, according to 
Thcon of Smyrna, the all-TiTlfying, pnlsating heart of the 
Unicerse;^ the primary source of light and of radiating heat, 
and the generator of nomeroiu terrestrial, electro-magnetic 
processes, and indeed of the greater part of the oi^onic 
vital activi^ upon our planet, more especially that of the 
Testable kingdom. In considering the expresdon of color 
force, in its widest generality, wc find that it gives rise to 
alterations on the surfuce of the Earth, — partly by gfavi- 
tative altractioB, — as in the ebb and flow of the ocean (if 
we except the share taken in the phenomenon by lunar 
attraction),— partly by light and heat- generating transverse 
vibrations of ether, as in the frucliiying admixture of the 
aerial and aqueous envelopes of our planet, from ihc con- 
tact of the atmosphere with the vaporizing fluid element 
in seoa, lakes, and rivers. The Bolar action operates, more- 



' I hare already, in an earlier part of this work (vol. ii. 
p. 688 and note) given the passage imitated from the Som-- 
Htunt Scipionit, in chap. s. of the ürst book de Revolut. 

' "The Suii b the heart of the Universe;" Theonu Smyt. 
(uei, Plalontei Liber de Aitronomia, ed. H. Martin, 1849, 
1^. 182. 298: 775 fft^^-xiat fniaov to irtpl mv nXiop, wet^i 
KOfiUav Öktq thS TTUt-Tos, DÖei' tpipmiOiV ovioü eoi -rifv 1^X1" 
ap^afieviiv Cin mnös ^•ictv ^oü öw/imo* TfTa/itVqi- orn ™i> 

a-fpÖTB!»-. (This new edition is worthy of notice, siccc it 
completes the peripatetic views of Adrastus, and many of 
ibe PUtomc dc^maa of D^rcyllidee.) 
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over, by differences of teat, in exciting ntmoBplieric and 
oceanic ouirents; the latter of which hove continued for ' 
thousands of yeai'9 (though in an inconBiderable degree) to 
accumulate or wash away alluvial strata, and thus change 
the surface of the inundated land; it operates in the gene- 
ration and maintenance of the electro-magnetic activity of 
the Earth's crust, and that of the oxygen contained in the 
atmosphere ; at one time calling forth calm and gentle Times 
of chemical attraction, and variously determining organic lift 
in the ondosmose of cell-walls and in the tissue of muscuitt 
and nervous fibres; nt another time evoking hght-procesMB 
m the atmosphere, such as the coloured coruscations of the 
polar light, the thunder and lightning, hurrieanes, andwatei- 

Our object in endeavouring to compress in one picture the 
inJhienrM of solar action, in as far as they are independent 
of the orbit and the position of the axis of our globe, hat 
been clearly to demonstrate, by an exposition of the connee- 
tion existing between great, and at first-sight betcTogeneotu, 
phenomena, how physical nature may be depicted in the 
ffislorj/ of the Cosmos as a \Vliole, moved and animated hf 
internal and frequently self-adjusting forces. But the w&vea 
of light not only exert a decomposing and re-combining 
action on the corporeal world; tliey not onty call forth tin 
tender germs of plants from the earth, generate the green 
colouring matter (chlorophj-Il) within the leaf, and pye 
colour to the fragrant blossom — they not only produee myriaA 
of reflected images of the Sun in the graceful play of tlie 
waves, as in the moving grass of the field — but the mys <f 
celestial light, in the varied gradations of their intensity nod 
duration, are also mysteriously connected with the inner life 
of man, his intellectual susceptibilities, and the melanehoi^ 
or cheerful tone of liis feelings. '■ Cicli trUiitiam diaeiUil 
Sol cl himani nubiht nit!wi sf renal." {y)ia. Hist. Nat. U. 6.)' 



Id tbe deteriptioa o( eadt ot ü 
precede whatever oanadamtico of 
D>7 (exoept in tke eue ti the fkitb) be neeamrj^ Ij Oeir 
raqseetiTe nmnericel data. Tke anmieneal am^cHcat oC 
tbaae resolts, is neaxlj t«*»"**™! with tk*t mUdi «as — *"rtH 
by Hansen,* in his a dmir able Stmag ^ lit Seltr Sftlimi, 
although I have neceeaanlj made soiBe altoatisaa and addi- 
tiDasiatbe data, from the bet Umt 11 |Anela aad S HltfliMa 
have been discorered since 1637, the jcar in «hid II saw ii 
wrote. 

Hie mean distance of tbe centre of the Son fras the 
Earth is, according to Eneke'a tap^etnentnj oorrectian ttl 
the Sun'a paraUax {Abhandl. dfr B^rL Abid. I6S5, p. 309). 
82,728,000 ge<^raphieBl miieSiOfMhidtM go toaneqaatorial 
degree, and of which each one, aoeaftÜDg to BeMtTs inTes- 
tigation of ten measorementa of degrees (CbnuM, toL L 
p. 157). contains exactlj 9^1,807 toisea, or 5710-S«» Fttia 
feet, or 608STG English &et. 

Light requires for its passage from the Sim to the Eardi 
i, e. to trarerse the radius of the Earth's orbit, Bcoording to 
Strnve's observations of aberration, 8' 1T*'T8 (Catmoe, to), iii. 
p. HO); whence it follows that the Snn'e true posiuon ü 
about äW'-iiS in adrancc of its apparent place. 

The apparent diameter of the Son, at its mean distance 
from the Earth, is 32" l"-8; and therefore only 54' -8 greater 
than the Moon's disc at its mean distance from us. In the 
perihelion, when in winter we are nearest to the Sun, the 
apparent diameter of the latter iuercaacs to 32' 34''-6; in tbe 
aphelion, when in summer we are farthest from tbe Son, its 
apparent diameter ia diminished to 31' SO"*!. 
_-Tho Sun's true diameter is 770,800 gec^aphical miles, or 
e than 112 times greater than that of the Earth. 



The mass of the Sun U, according to Encke's calculation of 
Sabine's pendulum formula, 359,551 times that of the Earth, 
or 355,499 times that of the Earth and Moon together { Vierle 
Ahhajidl, über den. Comelen ron Polin in den Sc/ir. der Berl. 
Ahtd. 1842, p. 5); whence the density of the Sun is only 
about i (or more accurately 0-252) that of the Earth. 

Tlic volume of the Sun is 6O0 times greater, and its mass (ac- 
cording to Galle) 738 times greater than that of all the planets 
combined. It may ossist the mind in conceiving a sensuous 
image of the magnitude of the Sun, if we remember that if 
the solar sphere were entirely hollowed out, and the Earth 
placed in its centre, there would still be room enough for the 
Moon to describe its orbit, even if the radius of the latter 
were increased 160,000 geographical miles. 

The Sun rotates on its axis in 25| days. Tho equator 
inclines about 7° 30' towards the ecliptic. According to 
Laugier's very careful ohsexvations {Comples rendu» de 
lArad. des Sciences, torn. xv. 1842, p. 941), the period rf 
rotation is 25-^^ days (or 2öd. 8h. 9m.), and the inclination 
of the equator 7° 9'. 

The conjectures gradually adopted in modem astronomy 
regarding the physico! character of the Sun's surface, arff 
ba.ieil on long and careful observations of tiio alteration« 
whieli take place in the self-luminous disc. The order 
of succes.sion, and the connection of these alterations (die 
forniiition of the Sun-spots, the relation of the deep black 
_ nuclei to the surrounding ash-grey penurabrie). liavo led to 
the assumption that the body of the Sun itself is almost 
entirely dark, but surrounded at a considerable distance by S 
luminous envelope; that funnel-shaped openings ni'e formed 1« 
this envelope, in consequence of the passage of current» from 
below upivards, and that the black nucleus of the spot is ■ 
portion of the dark body of the Sun which is visible througli 
th« opening. In order to render this explanation, of vrhich 
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i here only briefly give the most geueral features, snfli- 
y applicable to the details of the phenomena upon the 
Bur&ce of the Sun, science at present assumes the existence 
of three envelopes round the dark solar sphere; viz. one 
interior cloud-like vaporous envelope, nest a luminous iiifesl- 
ment (photosphere), and above these, as appears to have 
been especially shown by the solar eclipse of 8th of July, 
1842, an external cloudij envelope, which is either dark, or but 
, d^htly luminous.' 



^ ° " D'apres I'etat actuel de nos eonnaiseauces nstronomiquea 
le Soleil se compose: 1. d'uii globe central ä pt-u pres 
obscur; 2. d'une immense couche de nnages qui est sus- 
pendue ä une certaine distance de ce globe et I'envcloppe do 
toutes parts; 3. A!\rae photospkire; en d'autres termcs, d'uQL- 
sph^e resplendissante qui euveloppe la couche nuagcuse, 
commc ceile-ci, ä son toar, enveloppe le noyau obscur. 
L'^clipse totale du 8 Juillet. 1342, nous a mis sur la trace 
d'uae troisiSme enveloppe, situfee au-dessus de la photospkire 
et fomifee de nuages obscurs ou faiblement lumineux. Cc 
Eont les Ullages de la troisieme enveloppe soiaire, situes en 
apparencc, pendant I'^olip^ totale, sur le contour de I'aatre 
ou un peu en dehors, qui ont donne lieu ä ces singuliöre« 
proemiuenceg ronge&tres qui en 1842 ont si vivement escit^ 
I'attentiou du monde savant." " According to the pi'csent 
condition of our astronomical knowledge, the San is com- 
posed: 1st. of a central sphere which is nearly daik; 2nd. 
of a vast stratum of clouds, suspended at a certain distance 
from the central body, which it surrounds on all i^ides; 3rd. 
of a photosphere, or in other words, a luminous sphere inclos- 
ing the cloudy stratum, which in its turn envelopes the dark 
nucleus. The total eclipse of the 8th of July. 1842, afforded 
indications of a third envelope, situated above the p/io/ospherr, 
and formed of dark or faintly illumined clouds, 'I'liese clouds 
of the thud solar envelope, apparently situated during llie 
total eclipse ou the mai^n of the Sun, or even a üttle beyond 
it, gave rise to those singular, rose-coloured protuberance r, 
" 'l so powerfully excited the attention of tho scientific 
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Ab felicitous preseatimenta and sporls of funcy — such aub- 
sequeatly realized epeculations as abound in Grecian aati- 
quity — sometimes contain the genn of correct views long 
prior to any actual observation, ko we find in tte writings 
of Cardinal Nicolaus de Cusa (in the second book ße 
docta Ignorantia), which belong to the middle of the fifteenth 
centurj-, the clearly expressed opinion that the body of the 
Sun itself is only " an earlk-Ukc nucleus, surrounded by a 
circle of light as by a delicate envelope ; that in the centre 
(between the dark nucleus and the luminous covering?) there. 
is a misture of water-charged clouds and clear air, aimilar to 
our atmosphere; and that the power of railiating light to 
vivify the vegetation of our Earth, does not appertain to the 
earthy nucleus of the Sun's body, but to the luminous coTerlng; 
by which it is enveloped." This view of the physical condi- 
tion of the Sun's body, which has hitherto been but little 
regarded in the history of astronomy, presents considerable 
similarity with the opinions maintained in the present day.'' 



world in 1842." — Arago, in the Annuaire du Bureau d»t 
Longitades pour Van 1846. pp. 464, 471. Sir John Hersch^ 
in his Otttlme» of Astranamy, p. 234, § 395 (edition of 
1849), thus expresses himself: '' Above the luminous sur&es 
of the Sun, and the region in which the spots reside, than 
ore strong indications of the existence of a gaseous atmo- 
sphere, having a somewhat imperfect transparency." 

' I would, in the first place, give in the original tha pafr 
sages to which I refer in the text, and to which my attentiotk 
was directed by a learned work of Clemens, (^Giordano JBrwto 
vnd Nieolaua von Cuaa, 1847, § 101.) Cardinal Nicolauada 
Cusa (whoseiamilynamewasKhrypffSjt.e. Crab), was borort 
Cues, on the Moselle. He thus writes in the twelfth chapter 
of the second book of the Treatise De docia Ignormiia 
(Nicolai de Cuaa Opera, ed Basil. 1565, p. 39). a work that 
was much esteemed at that age : " Neque color nigredinis est 
ai^umenttun vilitati^ Tertee; nam in Sole si quis esset, OOU 



TOE sds'b spots. 
Ae spots OB fbe Sim, aa I hm sL^ady shown i 

, UJa claritas qnro nobü: ronsidcrato enim corpcse 
n, tunc habet quandam qtuai terrain centra] iorem, nt 
dun Inciditatem qtiasi ignilem circuinferFntialeni. et in 
lo qnaai aqueam Bubem ct aerem clonorem, qoemadmodum 
I ista sua elemeiita.'' " Blacknccs of colour is no proof 
of the mferioritj of the Earth's substance ; for to an iahabi- 
tant of the Sun, if siich there be, the game brillinncj of 
appMiaaco would not be presented as to ua : if we coa- 
ftoer the Sun's body, ve shall conclude that it consuls of a 
«Eftim emrtby subetance iu the centre, surrounded by a 
' ' OB matter, partaking, perhaps, of th<? nature of fire, 
I the midst a sort of aqueous clouds and brighter 
B, resembling the elements of which the Earth 
To tbis ate appended the words I'aradoxa and 
Hjffni; by the last of wluch. be probably underslanda 
{itrrw-^ta) certain speoulationa, vague and bold hypolhesw. 
In the long Treatise. £xtrritationei ex Semtoatlma CiirdmttlU 
ifip€ra, p. 579.) I again und the following compurison: 
" Sient in Sole considerari potest natura corporalis. et ilia de 
« bon est magote Tirtutis '' (notwithstanding the attractioa 
<f nasaes or graTitation!) "et con potest virtutem suom aliis 
wnaribos communicare, quia nan est radiosn. £t alia natura 
Iwiilli ilia miita, ita quod Sol ex unione ulriusque naturec habet 
riitntMn quffi sufficit buic sensibili mimdo. od vitani iimo< 
fttdam in Tcgetabilibus et nnimalibus. in elemcntis et mine- 
nbbos per suam infiuentlam radiosam. Sic de Christo, qui 
tnSal jufllitiso ■ . ." "As in the Sun may be supposed 
M exist a corporeal nature, wbich of itself is of no great 
iCcacy, ar>d cannot communicate its virtue to other bodies, 
Ucause it is not radinnt. and another nature united with this ; 
M that the Sun. from the union of the two natures, has a 
liitui.' wbich suffices for this sensible world, to renew life in 

Sietablea and animals, in elements and minerals, by ita own 
tani influence. So from Christ, the Sun of Justice .'" 

Dr. tnproeas thinks that all this must be more than a mere 
Uiatons presentiment. It appears to him unlikely that 
Cina, in the expressions " ConsUtfrata corpori Solis ;" "m 
" "r rmuiderari polvt . . -" " could have appealed t» 
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experience, without a tolerably aeeurate obBervation of the 
Sun's spots, both their darker portions and the penumbrte." 
He also conjectures "that the penetration of the philosophei 
may have been in advance of the results of the science 
of his age, and that his views may have been influenced 
by discoveries which bare usually been ascribed to later 
observers." It is, indeed, not only possible, but even 
highly probable, that in districts where the Sun is obscured 
for many months, as on the coaKt of Peru, during the 
garuu, even unciviliücd nations may have seen Sun-spots with 
the naked eye; but no traveller has, as yet, afforded any 
evidence of such appearances having attracted attention, or 
having been incorporated among the religious myths of their 
system of Siiu-vrorship. The mere observation of the rare 
l)henomenon of a Sun-spot, when seen by the naked eye, in 
the low. or faintly obscured, white, red, or perhaps greenish 
disc of the Sun, would scarcely have led even experienced 
observers to conjecture the existence of several envelopes 
around the dark body of the Sun. Had Cardinal de Gusa 
known anything of the spots of the Sun, he would assuredly 
not have failed to refer to these macula SoUs in the many 
comparisons of physical and spiritual things in which he was 
too much inchned to indulge. We need only recall the 
excitement and bitter contention with which the discoverie» 
of Job. Fabrieiua and Galileo were received, soon after AC' 
invention of the telescope in the beginning of the seventeenth. 
centiuy, I have already referred {Cosmos, vol. ü. p, 692) to 
the oliscurcly expressed astronomical views of the Cardinal, 
who died in 1464, and therefore nine years before tlie birth o£ 
Copernicus. The remarkable passage: "Jam nobis manifw- 
tum est Tcrram in veritate moveri;" "Now it is evident 
that the Earth really moves,'' occurs in hb. ii. cap, 12, 
De daela Ignoranlia. According to Cusa, motion pervade! 
every portion nf the celestial regions ; we do not even find R 
star that does not describe a circle. '' Terra non potest ease 
fisa. sed movetur ut ali» stella);" "The Earth cannot be 
fixed, but moves like other stars." The Earth, however, doe» 
not revolve round the Sun. but the Earth and the Sua rotate 



Vhiwrte* were not fint u4i i n J W Ca B f . Sckno^ «r 
HonioL, but by Joka Fi^ne» «f EhI Rih^J. «^ iba 
was the first to AesaAe, ia a pi ai ri ^ock. Ife |kM^Ma^ 
be had seen. Both tUs dtMo«^^ ^id CaBmrn, as hbt h* 
Bera bj his letter to the Praöpe Ctm (SStk tf Ibn-. l«lt% 
ivere awnr« that the spats bdoi 
itself; but ten E 
Sarlnt, and a Belf:ian Jeiait, naiataiaed ^mmm mmmttamma^r 
that llie Sun's spots were tte ttaMiU d" ^mlk fimmU. The 
one nnmed them Stdirm Borimi*. Ae «Ah. Siiat Am^ 
triaca.' ScfaeincT tm tbe fast «te caiflayed Ifar aad j^ita 



" around the em-chai^iiip pole of ^ ÜBTrene." Con did 
not, therefore, hold tu« Copemicaa Tiews. m hat been w 
euFcewfully shown br Dr. Clea>nw~ düscorerr in the ba*|Btal 
at Cues, of the In^ttnaxy nMice wiitl^ ia tk Csrdiaarff 
oim hand in 1444. 
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' Borbonia Sidera. id est, planet» qai SaUi h 
Tolitant motn proprio et r^nh ' ' ' 
[icopis macula? Solis nmieupat 

Joannis Tarde. 1620. Auitriaea Stdrrm \ 

hypothesibaa illigata open Caroli Mali^ienü Belg^ 
lis e Societate Jesu, 1633. The latter work haa «t 
eretits the merit of affording oboerraiiaiu of a iiii n i miiMi 
spots between 1618 and 1626. Tbia period iochides thft 
for which Scheiner pubiiibed his own obterratioiiii af 
iu his Sii4a Urtina.. The Canon Tarde bclievcfi thaw 
appearances to be the transits of «mall planel*, hecani« 
ieril du mc«de ne pent avoir dee ophthalnue»," " the ereaf 
experience aphthahnia.*' It mnst jösllT 
;ite aurpriec, thnt the mericorioos obierrer, Ga.<(eoi^e («c« 
7») should twenty yeare after Tardes notice of the Borbonio 
ill have ascribed the Son's spots to a conjunction 
w numerous planetary bodies revolving round the Sun lu 
close pioiimity to it and in almost intei«rctinp orbiu. 
ScTeral of these bodies, placed, as it were, one over another, 
rerc supposed to occasion the black shadows. (/'AiTo«. 
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stained glassea in solar obBcrvations, which hud been proposed 

seventy years earlier by Apian (Bienewite), in the J*frofio- 
micwn CistaTeum, and had also been long in use among 
Belgian pilots," The neglect of this precaution contiibated 
much to Galileo's blindness. 

As far as I am aware, the most definite expression of the 
necessity for asauraing the CKisteace of a dark solar sphere, 
surrounded by a photosphere, grounded upon direct obaer- 
ration after the discovery of the Sun's spots, is first to be 
met with in the writings of the great Dominique Cassini." 
and belongs probably to about the year 1671. According to 
ews, the solar disc which we see is "an ocean of light 
mding the solid and dark nucleus of the Sim ; the violent 

ivements (itp-wellin^s) which occur in this luminous envc- 



Transacl. vol. xxvii. 1710-1712. pp. 282-290, from a letter 
of William Crabtree, August, 1640.) 

"■ Arago, Sht let mot/ens d'observer let tetehet »olaire», in 
the Atmuaire pour I'an 1B42, pp. 476-479. Delambre« 
Biat. de VAatronomie du mögen dr/e, p. 394; and his SMt. 
de I'Aitronomie moderne, torn. i. p. 661. 

" JH^moifes pour servir d I'Histoire dt» Sciences, par M. le 
Comte de Cassini, 1810, p. 242 ; Delombre, Ilisl. de tAtir. 
mod. torn. iii. p. 694. Although Cassini in 1671, and La 
Hire in 1700, had declared the Sun's body to be dark, other- 
wise trustworthy and valuable test-books on astronomy still 
continue to ascribe the first idea of diis hypothesis to the 
meritorious Lalande- Lotende, in the edition of 1 792, of hiB 
Astronomie, tom. üi. § 3240. as in the first edition of 1764, 
torn. ii. § 2,515. merely adopts the older view of La Hire, 
according to which *' les tacbes sont les eminences de la 
masse solide et opaque du Soleil, recouverte communfment 
(en entier) par le fluide igne ;" " the spots are the elevations 
of the solid and opaque mass of the Sun, covered by an 
igneous fluid." Alesimder Wilson, between the years 1769 
and 1774, conceived the first correct view of a fonuel-sliaped 

■niug in the photosphere. 
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16 enable us fi-om time to time to see the mountaiu summits of 
-luminoua body of the Son. These confititute the black 
nuclei in the centre of the Sun's spots." The ash-coloured 
peDumbnQ BUrrounding these nuclei hod not then been ei- 
plained. 

An ingenious observation, which has subsequently been 
ftjUy confirmed, made by the astronomer, Alexander Wilson 
erf Glasgow, of a large soLir spot, on the 22nd of November, 
1769, led I'im to an elucidation of the peumnbrffi. Wilson 
discovered that as a spat moved towards the Suu's margin, 
the peuumbra became gradually more and more narrow on 
the side tm-ned towards the centre of the Sun, compared 
with the opposite side. The observer, in 1774, very cor- 
rectly concluded,'^ from these relations of dimension, that the 
nucleus of the spot (the portion of the dark solar body visible 
through the funnel-shaped eKeavatiou in the luminous en- 
Telope) was situated at a greater depth than the penumbra, 
and that the latter was formed by the shelving lateral walls 
of the funnel. This mode of explanation did not, however, 
edve the question why the pennmbrce were the lightest near 
tiie nuclei. 

L Tlie Berlin astronomer. Bode, in his work entitled 
■ I^DUgbts on the Nature of the Sun, and the Formation of 
phi Spots" {Gedanken über die Natur der Sonne und die 



" Alexander Wilson, Ohservations on (he Solar Spolt, 
writes as follows in the Philo». Transaet vol. Ixiv. 1774, 
utrt i. pp. 6-13, tab. i. :■ — " I found that the umbra, which 
befive was equally broad all roimd the nucleus, appeared 
much contracted on thai part which lay towards the centre of 
the diie, whilst the other parts of it remained nearly of the 
former dimensions. I perceived that the shady zone or 
itmbra, which surrounded the nucleus, might he nothing else 
hat the sbelvinR sides of the luminous matter of the Sun." 
.Compare also Ariigo, in the Annuaire pour 1842, p. 506. 
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Entstehung ihrer Jacken), developed very similar views with 
his usual perspicuity, although he was unacquainted with Wil- 
son's earlier treatise. lie moreover had the merit of having 
facilitated the esplanation of the penumhra>, hy assuming, 
veiy much in accordance with the conjectures of Cardinal 
NioolauB de Cusa. the esistcnce of another cloudy stratum of 
vapour between the photosphere and the dark solar body. 
This hypothesis of two stiuta leads to the following conclu- 
sions ; — If there occur in less frequent cases an opening in 
the photosphere alone, and not at the same time in the leas 
transparent lower vaporous stratum, which is but faintly 
illumined by the photosphere, it must reflect a very incon- 
siderable degree of light towards the inhabitants of the 
Earth, and a grey penumbra will be formed — a mere halo 
vithout a nucleus ; but when, owing to tumultuous meteor- 
ological processes on the surface of the Sun, the opening 
extends simultaneously through both the luminous nad 
the cloudy envelopes, a nucleoid spot will appear in the 
ash-grey penumbra, " which will exhibit more or less blaek- 
, according as the opening occurs opposite to a sandy, 
rocky, or aqueous portion of the surface of the Sun's disc." ** 
The halo surrounding the nucleus is further a portion of the 
outer surface of the vaporous stratum; and as this is less 
opened than the photosphere, owing to the funnel-shaped 
form of the whole excavation, the direction of the passage of 
the rays of lij^ht, impinging on both sides on the margins of 
the interrupted envelope, and reaching the eyes of the 
observer, occasions the difference, first noticed by Wilson, in. 
the breadth of the opposite sides of the penumbra, which 
appears after the nucleoid spot has moved away trom the 

" Bode, in the Beschaftiguiigmi der Berlinische GeaeU- 
»chafl Natur/orschender Freunde, Bd. ii. I7"ß, pp. 237-241. 
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THE SUN G SPOTS. 

centre of the Bun's diso. If, as Laugier has &equenlly 
remarked, the penumbra poBses over the black nucleus 
causing it -wholly to disappear, this obscuration must depend 
on the closbg of the opening — not of the photosphere — but 
of the Yaporuus stritura below it. 

A solar spot, whii,h was visible to the naked eye in the 
year 1779, fortunately directed William Ilerschel's superior 
powers of obser\ation and induction to the subject which we 
have been considering We jjossess the results of his great 
work, which treats of the minutest particulars of the question 
in a very definite manner, and in a nomenclature established 
by himself. His observations appeared in the Philosophical 
Transactions for 1795 aud for 181)1. As usual, this great 
observer pursued his own course independently of others, 
referring only in one instance to Alexander Wilson. In 
their general character, his views may be regarded as iden- 
tical with those of Bode, aud he basca the visibility and 
dimensions of the nueleus and the penumbra (Philos. Transact. 
1801, pp. 270, 318, tab. xviii. fig. 2), on the assumption of 
an opening in two envelopes, while be assumes the existence 
of a clear aud trnnsparent aiiria! atmosphere (p. 302) between 
the vaporous envelope and the dark body of the Sun, in which 
clouds that are either wholly dark, or only faintly illumined 
by reflection, are suspended at a' height of about 280 to 320 
geographical miles. William Kcrschel seems, in fact, also 
disposed to regard the photosphere as a mere stratum of 
tmconnected phosphorescent clouds of very unequal smface. 
According to hia view, '* an elastic fluid of unknown natm'e 
rises from the crust or surface of the dark solar body, gene- 
rating only small luminous pores in the higher regions where 
the action is weak, and large openings, with nuclei, 
rounded by shallows or penumbnc, where the action is 
tumultuous." 

The black spots, which are seldom round, almost ali 
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angularly broken, and oharacteriEed by entering attglee, 
are frequently surrounded by halos or penumbrse, vhich 
pshibit the same figure on a larger scale. There a no 
appearance of a transition of tbe colour of tbe spot into 
tbe penumbra, or of ihe latter, which ia sometimes filament 
tons, into that of the phofosphere. C'apocci and Paatorff (of 
Buchholz in Brandenburg) — -most diligent observers— have 
both given very accurate representatitns of tbe angular form 
of the nuclei. (Schum. Js(r. AneAr. No.]15,p.316; No. 133, 
p. 291; No. 144, p. 471.) William II orschel and Schwabe 
saw the nucleoid spots divided by bright reins, ot Inminoua 
bridges, — ^phenomena of a cloud-like nature generated within 
tlie second stratum where the peniinibric originate- — These 
singular configurations, which probably owe their origin to 

ending currents, the tumultuous formation of spats, solar 
facul», furrows, and projecting stripes (üreat/i of lutninon 

ei) indicate, according to Sir William Hersehel, an intenae 
evolution of light; whilst, on the other hand, according to 
the same great authority, " the nbsenue of solar spots and 
tbcir concomitant phenomena seems to indical« a low 
degree of combustion, and. consequently, a less bencficid 
action on the temperature of our planet, and the development 
of v^etation." These conjectures led Sir William Herachol 
to institute a series of comparisons between the prices of 

I, and the complaints of poor crops," and the absenct nf 

r spots, between the years 1676 and 1684 (according to 
Flamstead), from 1686 to 1688 (according to Dominique 
Co^ini), from 1693 to 1700, and from 1795 to 1800, Unfor- 
tunately, however, wo can never attain a knowledgn of the 
numerical elements on which to found even a conjectnitd 
solution of such a problem; not only, as this circumspect 



' William Ilerschcl, in tbe PhiJasophifal TranmetiüfU of 
the Hmjnl Swcfr/ for 1801, port ü. pp, 310-316. 
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aatronomer has himself obserred, because the price of o 
in one part of Europe cannot be taken as a. criterion of fl 
state of vegetation over the whole continent; but more esp^ 
cially because a diminution of the mean annual tcmporaCure, 
«ven if it affected the whole of Europe, would afford no 
evidence that the Earth had derived a smaller quantity of 
solar beat throughout that year. It appears from Dove's 
investigations of the irregular variations of temperature, 
that extremes of meteorological conditions aln-ays lie laterally 
by one another, t. p. in almost equal degrees of latitude. 
Our own continent, and the temperate parts of North America, 
generally present such contrasts of temperature. When 
our winters are severe, the season there is mild, and con- 
versely. These coTOpensations in the local distribution cf 
heat, when associated with vicinity to tlie ocean, ore attended 
by the most beneficial results to mankiutl, owing to the indu- 
bitable influence exercised by the mean quantity of summer- 
heat on tlie development of vegetation, and consequently on 
the ripening of the cereals. 

While William Ilerschel attributed an increase of heat on 
the Earth to the activity of the central body, — a process 
which result spots on the Sun. — Batista Baliani, almost 
hidf centuries earlier, in a letter to Galileo, described 
spots as cooling agents." This opinion coincides with 
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We find a reference in the historical fragments of the 
Cato to an official notice of the high price of com, and 
«a obscuration of the Sun's disc, which continued for many 
months. The "/wminM caligo" and " da/eotus Soli»" of 
Roman authors, does not invariably indicate an eclipse of the 
Sun ; as, for instance, in the account of the long- con tinned 
diminution of the Sun's light after the death of Ceesar. Thus, 
for instance, we read in Aulus GelUus, Noel, Alt. ii. 28, 
"Verba Catonis in Oiiginnm quarto htec aunt: non libet 
scribere, quod in tabula apud Pontificera maximum i 
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tie expeiiment made by the zealous astronomer Gautier" at 
Geneva, in comparing four periods characterized by niune- 
roua and by few spots on the Sun's disc (from 1827 to 1843), 
with the mean temperatures presented by thirty-three European 
and twenty-nine American stations of similar latitude. This 
comparison prOTes, by positive and negative difierences, the 
contrasts exhibited by opposite Atlantic coasts. The final 
results, however, scarcely give 0-76" Fahr, as the cooling force 
ascribed to the Sun's spots, and this might with equal pro- 
priety be attributed to errors of observation and tlic direction 
of the winds at the localities indicated. 

It still remains for ua to notice the third envvlope of the Sun, 
to which we have already referred. This is the most estemal 
of the three ; inclosing the photosphere, is cloudy, and of 
imperfect transparency. The remarkable phenomena of led, 
mountaia, or fiame-like elevations, which, if not seen £» 
the first time, were at all events more distinctly visible doling 
the eclipse of the Sun of the 8th of July, 1843, when they 
were eimultiineously noticed by several of the most expe- 
rienced observers, have led nstrouomers to assume the existence 
of a third envelope of this kind. Arago, in a treatise devoted 
to the subject," has with much ingenuity tested the ecTcnil 
observations, and enumerated the grounds which necessitated 
the adoption of this view. He has at the same time shown 



quotiens anona cara, quoticns Lunte an Solis Iiimini culigo, 
HUt quid obstiterit." "The words of Cato in the fourth 
book of his Origines are these : 1 may not write what 
frequently entered in the tables of the priests, that com was 
dear whenever there was any decrease in the light of the Sua 
and Moon, or when anything obscured them." 

" Gautier, Recherckea relative» d l'inßuence que le nombf» 
den tacheg tnlaire» ererce »ur les lemp^ralurei lerriutmi, in 
the BibUoikkque Universelle do Geniee, Nouv, Serie, torn, li, 
1844, pp. 327-335. 

" Arago, in the Annuaire pour 1846, pp, 271-488, 
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that since 1 706 similar red mai^iniil protubernnccs hsve been 
eight times described on the uccasion of total or nnnular sotar 
eclipses.'* On the 8th of July, 1842. when the apparcutly 
Uager disc of the Moon entirely coTered the Sun, the Moou's 
cUac was observed to be surrounded not only by a ivhitisli 
tight," encircling it like a crown or luminous wrealh, but 
throe protuberances were also seen, as if originating 
it its margin, and were compared by some observers to. 
jogged mountains, by others to reddened masses of iet', 
again by others to fixed indented red flames. Arago, 
igier, and Mauvais at Perpignan, Petit at Montpelicr, 
the Superga, Schumacher at Vienna, and numerous 
other astronomers, agreed perfectly in the main features of 
the final results, notwithstanding the great differences in the 
instruments they employed. The elevations did not always 
appear simultaneously ; in some places they were even seen 
by the naked eye. 'fhe estimates of the angles of altitude 
ly difiered ; the most reliable is probably that of Petit, 
director of the observatory at Toulouse. He fised it at 
,45", which, if these phenomena were true sun-mo-uiUainn, 
lid give an elevation of 40,000 geographical miles ; that 
is to say. nearly seven times the Earth's diameter, which is 
■only 112tb part of the diameter of the Sun. The conside- 
ration of these phenomena has led to the very probable liypo- 
that these red figm-es are emanations within the third 
relope, — clouds, which are illuminated and coloured by the 

" Arago, in the Annuaire pour 1846, pp. 440^47, 
" This is the white appearance which was also observed in 
tiie solar eclipse of the 15th of May, 1836, and which the 
great astronomer of Konigsbei'g very correctly described at 
the time by observing " that although the Moon's disc en- 
tirely covered the Sun. a luminous corona still encircled it, 
which was a portion of the Sun's atmosphere," (Beseel, ia 
Schum. Astr. Naehr. No. 320. 



I 



3?& OOSHIHI. 

photospbere.* Arngo, in putting forward this hypothesig, 
eapreeses the conjeoture that the intense blue colour of the 
sky, which I have myself mcaBured upoa the loftiest part of 
the Cordilleras, though with instruments which are certainly 
still very imperfect, may afford a convenient opportunity for 
frequently observing these mountain- like clouds in the outer- 
moBt atmosphere of the Snn.°' 



" " Si nouB ejtnminions de plus pr^s I'esplication d'aprfi» 
laquelle les protuheninces rougeatrea seraient assimil^ea ä 
des nuages ^de la troisiöme enveloppe), nous ne trouverioB» 
aucMin principe de physique qui nous emp^chät d'admettre 
que des masses nuageusea de 2ü,000 ä 30,000 lieues de long 
flottent dans I'atmosph^re du SoIeU ; que ees masses, comme 
certains nuages de I'atmosph^re terrestre, ont des contours 
arrft^B, qu'ellea affectent, 9a et lä, des formes tris tour- 
mentfes, mSme des forms en surplomb ; que la lumiä« 
Bolnire (la photosphere) les colore en rouge. 61 oelte 
troisi^me enveloppe existe, eile donncra peutetre la clef de 
quelques-unee des grandea et deplorables anomalies que I'on 
remnrque dans le cours des sajsons." — "On examining more 
closely the grounds on which these rose-coloured protube- 
rances are compared to clouds (of the third atmosphere) we 
do not find any principle in physics which would op]io«e the 
assumption tliat masses of clouds extending from 25,000 to 
30,000 leagues, float in the Sim's atmosphere; that the» 
masses, like some clouds in our terrestrial atmosphere, assume 
contours exhibiting here and there much-involTed forma, 
spearing eometimes even sloping or inverted, as it vrere; 
and that they are coloured red by the light of the Sun (the 
photosphere). If this third atmosphere actually exist, it 
may, perhaps, tend to solve some of those vast and deplo- 
rable anomalies which we observe in the course of the 
aeasons." Arago, in the Annunire pour 1846, pp. 460. 467. 

" "Tout ce qui a&iblira sensiblement I'intenBitg eclairant* 
de la portion de I'atmosph^re terrestre qui parait entourer et 
toucher le contour cireulaire du Soleil, pourra contnbuer i 
rendre les preeminences rouge&tres visiblee, II est done 
permis d'esperer qu'un aatronome excrct, ttabli au sommet 
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When WC coneider the zone in which ^otar epots are most 
■iCOmmonly observed (it is only on the 8tb of June and the 
b of December, that the spots describe atraight lines on 
B Sun'e disc, which at the same time ore parallel with one 
r and the Sun's equator, and not concave or coaves), 
e are struck by the fact, that they have rarely been seen in 
e equatorial region between 3° North and 3° South Latitude, 
d that they donotoccuratall in the polar regions. They ore, 
n the whole, most frequent in the rcj^ion between 11" and 15° 
north of the equator; andgeneraJly of more common occnrreoce 
in the northern hemisphere, or as Sömnicring malntaing, 
may be seen there at a greater distance irom the equatoml 
regions, than in the southern hemisphere. {Outlines, § 393; 
Obtervatimt at tht Cape, p. 433.) Galileo even estimated 
the extreme limits of northern and southern heliocentric lati- 
tude at 29^. Sir John Uerschel extends them to 30°, as has 
also been done by Sehwabe. (Schum. Äslr. Nachr. No, 473.) 
LaugicT found some spots as high as 41° {Comples reiidan, 
torn. XT. p. 94-1), and Schwabe even in 50°. The spot 
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tres haute montagne, pourrait y obseiTcr reguliärement 

J^s nuages de la troisiime tiivdvppe solnire, situes, en appa- 

ce, sur le contour de Tastre oi* uii peu en dehors ; deter- 

lei ce qu'ils ant de permanent et de variable, noter les 

lodes de dtsparition et de reapparition " 

Whatever will perceptibly diminish the brilliant intensity 
of that portion of the terrestrial atmosphere which appeal's 
to enclose and touch the circumference of the Sun, may 
contribute to render the rose-coloured protuberances visible. 
We may, thwefore. Lope that an experienced astronomer 
may succeed, on the summit of some high mountain, in 
making systematic and regular observations of the clouds of 
the third iolar envelope, which appear to be situated on the 
margin of the Sua, or a little beyond it; and thus determine 
the permanence or variability of their character, and note 
tlie epochs of their disappearance and re-appearance . . ." 
i^gago. Ibid, p. 471. 



"1 



37S COBKOB. 

observed by La Hire in 70° North Latitude, must be regarded 
as a very rare phenomenon. 

This distribution of spots on the Sun's disc, their rarity 
binder the equator and in the polar regions, and their parallel 
position in reference to the equator, led Sir John Herschel to 
the conjecture, that the obstructions which the third vaporous 
external atmosphere may present at some points to the libe- 
ration of heat, generates currents in the Sun's atmosphere 
from the poles towards the equator, similar to those which 
upon the Earth occasion the trade-winds and calms near the 
equator, owing to difierenccB of velocity in each of the parallel 
zones. Some spots are of so permanent a character, that 
they have continued to appear for fully six months, as was 
the case with the large spot visible in 1779. Schwabe was 
enabled to follow the same group eight times in the year 
1840. A black nucleoid spot, delineated in Sir John Her- 
schei's Observations at the Cape (to which I have made such 
constant reference), was found by accurate measurement to 
be so large, that supposing the whole of our Earth to be 
propelled through the opening of the photosphere, there 
would still have remained a &ec space on cither side of more 
than 920 geographical miles. Sömmering directs attention 
to the fact, that there are certain meridian belts on the Sun's 
disc, in which he had never observed a solar-spot for many 
years together. {Thüo. de Solu maculis a Süemmeringio 
observatis, 1828, p. 22,) The great differences presented in 
the data gives for the period of revolution of the Sun, are not, 
by any means, to be ascribed solely to want of accurocy in the 
observations; they depend upon the property exhibited by 
some spots, of changing their position on the disc. Laugiet has 
devoted special attention to this subject, and has observed 
«pots which would give separate rotations of 34d. 28m. and 
26d. 46m. Our knowledge of the actual period of the rotQ' 
tion of the Sun, can therefore only be regarded as the mean 
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of a large cumber of obseTvations of tbose maciil», whicli, 
from their permanence of form, and invariiibility of position 
in reference to other co-existent Bpot§, may form tbe basis 
of reliable observations. 

Although solar maculte may be more frequently seen by 
B-Hie naked eye than is generally supposed, it' the Sim's disc 
s attentively observed, there yet occur not more than two 
r three notices of this phenomenon between the beginning 
f the ninth and of the seventeenth centuries, on the accuracy 
f which ive can rely. Among these I would reckon the 
iposed retention of Mercury within tbe Sun's disc for eight 
I the year 807, us recorded in the annuls of the 
Prankish kings, first ascribed to an astronomer of the Bene 
dictine order, and subsequently to Eginhard; the 91-days 
_ transit of Venus over the Sun, under the Caliph Al-Motas- 
1 the year 640 ; and the Signa in Sole of the year 
s noticed in the Slairulelii Chronicon. I have during 
d years made the epochs of the mysterious obseuratioutt 
of the Sun which have been recorded in history.^-or, to use 
a more oorrect expression, the periods of the more or less 
prolonged diminution of bright daylight — the subject of 
■cial investigation, both in a meteorological and a cosmical 
Since large numbers of solar spots (Hevelius 

'** Although it cannot be doubted that individual Greeks 
Komans may have seen large Sun-spots with the naked 
it is, at all events, certain, that such observations Lave 
r been referred to in any of the works of Greek and 
mum authors that have come down to*us. The passages of 
Theophra-stua, De Signis, iv. 1, p. 797; of Aratus, Diosem. 
T, 90-92; and of Proclus, Parapbr. U, 14, in which the 
younger Ideler {Afeleorol. Veteram, p. 201, and in the Com- 
mentary to Aristot. Meteor, torn. i. p. 374) thought ho eould 
discover references to the Sun's spots, merely imply that the 
Sun's disc, which indicates fine weather, exhibits no difference 
surface, nothing remarkable (/iijce ti ir^/ia tpepai), but, 
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^M obserred a. group of tliis kind on the 20th of July, 1643, which 
^H covered the third part of tlie Sim'e disc) have always been 
^^L accompanied by numerous faculte, I am not much, disposed to 
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on the contrary, perfect uniformity. The aljfui, the dappled 
Burfaoe, is expressly ascribed to light clouds, the atmosphere 
(the scholiast of Arostus says, to the thickness of the air) j 
hence we always hear of the morning and evening Sun, 
because their disc, independently of all Sun-spots, are Hnp- 
posed, even in the present day, according to an old beUeC 
not wholly unworthy of regard, to give notice to the farmer 
and the mariner, as diapkanometera, of coming changes of 
weather. The Sun's disc, on the horizon, gives an indication 
condition of the lower atnio8phei-ic strata which are 
nearer the Earth. The firat of the Sun-spots noticed in the 
text as visible to the naked eye, and falsely regarded in tiie 
years 807 and 840 as transits of Mercury and Venus, is 
recorded in the great historical collection of Justus Reuheros, 
Veterei Scriptores (1726), in the section Annates Eegttm 
fVaneoram Pipini, KaroU Magnt et Ludavtci, a quodmn pW 
letalis Äslronoma, I,>idoi-ic{ regis domtitico, conscripti, p. 58. 
These annals were originally ascribed to a Benedictine monk 
(p. 28) ; but, subsequently, and correctly, to the celebi'ated 
Eginhard, Charlemt^nc's secretary. — See Annaha Einhardi, 
in PertK, Monumenla Germania: kistorica. Script, torn. i. P. 
194. The following is the passage referredto: " DCCCCVlI. 
Stella Mercurii xvi kal. April, visa est in Sole qualis parvA 
macula nigra, paululum superins medio centro ejusdem sideris, 
qua a nobis oeto dies conspicatn est; sed quando primum 
intravit vel exivit, nubibus impedientibus, minime notare 
potuimus." "On the 15th of March, DCCCCVlI-, Mercury 
appeared to be a small black spot on the Sun. a little abov« 
his centre, and was visible to us \n that position for eight 
days ; but, owing to the obsti'uction offered by the cloud«, we 
were not able to see titlier when it reached or left that 
place." — The so-called transit of Venus, recorded by the 
Arabian astronomers, is noticed by Simon Assemunus. in the 
Introduction to the Globut C'teleilis Citfivo-Arnbictis '\'elitraBi 
Musei Borgiani, 1790, p, xsiviii: -Anno Hcgyra; 22Ä, 
regnante Aknootasemo Cnalifa, visa est in Sole prope medima 



•Gtibe to nucleoid spots those obscurations during nhich stars 
rere partly visible, as in total solar eclipses. 
As, according to Du Sejour's calculation, the longest pos- 

Blugra qiuedam ma^a, idque feria t£rtia die decima nona 
linensis R^ebi . . . ." This appearance was believed 
I to be the planet Venus, and the same blacle spot (macula 
fttt^ra) was supposed to have been seen for 91 days (probably 
f with intermisBions of twelve or tbirteen days?). Soon ot^er 
this, the reigning Chalif Motassem died. — I have selected the 
ftdlowTBg seventeen examplea from a large number of facts 
eollected from the historical records derived from popular 

i tradition, as to the occurrence of a sudden decreaae in tie 
Hgbt of theSun: 
45 B.c. At the death of Julius Cssar : after which event 
the Sun remained pale for a whole year, and gave less 
I than its usual ^vHimth; on which account the air was 
t thick, cold, and hazy, and fruit did not ripea. — Plu- 
I tareh, in Jul. Cms. cap. 87; -Öio Can. xliv.; Vire, Georg. 
i. 466. 
I 88 A.D. The year of the Crucifixion. "Now from the 
sixth hour there was darkness over all the land till the 
ninth hour." (St. Matthew, sxvii. 45.) According to 
St. Luke, ixiii. 45, " the Sim was darkened." In order 
to explain and corroborate these narrations, Euscbiu» 
brings forward an eclipse of the Sun in the 202nd 
Olympiad, which bad been noticed by the chronicler, 

kPhlegon of Tralles, (Ideler, Handbuch der jnalherti. 
Chronologie, Bd. ii. p. 417.) Wurm has. however, 
shown that the eclipse which occurred during this 
Olympiad, and was visible over the whole of Asia 
Minor, must have happened as early a» the 24th of 
'' November, 29 a.d. The day of the Crucifixion corre- 

sponded with the ifewish Passover {^Ideier, Bd. i, pp. 
515-520), on the Hth of the month Nisan. and the 
Passover was always celebrated at the time of the full 
moon. The Sun cannot therefore have been dai-Uened 
fcr three hours by the Moon. The Jesuit Scheiner 
thinks the decrease in the light might be ascribed to the 
" 'at^e S tin-spots. 
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sible duration of a total eclipse of the Sun cannot be more 
than 7m. 58s. at the equator, nor more than Cm, lOs. for the 
latitude of Paris; the decrease of daylight wliieh is recorded 



358 A.D. A dorkening continuing two hours, on the 
22nd of August, before the fearful earthquake of Nico- 
media, which also destroyed several other cities of Mace- 
donia and PontuB. The darlmesa continued from two to 
three hours: "nee contigiia vei adpoaita cemebantur." 
" Without either contiguous objects or those in juxta> 
position being discernible," — Ammian. Marcell. xvii. 7. 

360 A.D. In all the eastern provinces of the Roman Em- 
pire, " per Eooa tractue," there was obscurity from early 
dawn till noon; '' Caligo a primo auroras exoitu adusque 
meridiem," Ammian. SfareeU. us.. 3; but the stars con- 
tinued to shine: consequently, there could not have been 
any shower of ashes, nor, from the long duration of the 
phenomenon, could it be ascribed to the action of a total 
eclipse of the Sun, to which the historian tefetg it. 
" Cum lux ccclestia operiretur, c mundi couspectu penitus 
luce abrepta, defecisse diutius solera pavidie mentes 
hominum icstimabant: primo att«nuatum in lunec comi- 
culantis effigiem, deinde in speciom auetum Bcmenstrem, 
posteaquc in integrum restitntura. Quod alias non 
evenit ita perspicuc, nisi cum post ina^qualcs cursus 
intermenstruum liuifc ad idem reroeatur." " AVheii the 
light of heaven, suddenly and wholly concealed, was 
hidden from the world, trembling men thought the Sun 
had left them for a very long time ; at first it asBumed 
the form of a homed moon, then increased to half its 
proper size, and was finally restored to its integrity. 
But it did not appear so bright until, after all irregular 
motions were over, it returned." This description 
entirely corresponds with a true eclipse of the Sun; 
but how are wo to explain its long duration, and the 
■' ealigo" experienced in all the provinces of the East? 

409 A.n. When Alaric appeared before Rome, there was 
BO great a darkness, that the stars were seen by day.— 
Schnurrer, Chronik der Seuchen. Th, i, p. 113. 

53Q. Justininnus I. Ccesiir impcravit aunos trigluta-octo 
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t the annalista may, on account of Ha duration for r 

rs, possibly be referred to one or other of the thi 
lowing and very different causes r 1. A disturbance ii 



(727 to S65). Anno imperii nono deliquiuni hic: 
est Sol, quod annum inte^um et duos amplius mL'Qsea 
duravit, adeo ut parum adraodum de luee ipsius appa- 
»eret; diieruntque homines Soli aliquid accidisae, quod 
nunquam ab eo recederet." " In the ninth year of the 
reign of Justinian I., who reigned thirty-eight years, the 
Sun Buffered an eclipse, which lasted n wholo year and 
two months, so that very little of his light was seen; 
men said that something had clung to the 8nn, from 
which it would never be able to disentangle itself." 
— Gregorius Abu'UFarngius, Supplementum Histori<e 
Dtfnattiarum, ed. Edw. Pocock, 1663, p. 94. This 
phenomenon appears to have been very similar to one 
observed in 1 783, which, although it has received a name 
(Höhenrauch)," has in many cases not been satisfactorily 
explained. 
567 A.i). " Justinus II. annos 13 imperavit (565-578). 
Anno imperii ipsius seeiindo apparuit in ctclo ignis 
flammans juxta polum arcticum, qui annum integrum 
permansit; obtexeruntque tenebreo mundum ab hora diei 
nona noctem usque, adeo ut nemo quicquam videret; 
deciditquG es aere quoddam pulveri miuuto et cineri 
simile." " In the second year of the reign of Justinian 
II., who reigned thirteen years, there appeared a flame 
of fire in the heavens, near the North Pole, and it re- 
mained there for a whole year ; darkness was cast over 
the world from three o'clock until night, so that nothing 
could be seen ; and something resembling dust and ashes 
fell down from the sky." — Abu'l-Farug. 1. c. p. 95. 
Could this phenomenon have continued for a whole year 
like a perpetual northern- light (magnetic storm) and 
been succeeded by darkness and showers of meteoric 

w* A kind of thick, yellowish fog, common in Nor 
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process of the erolutlon of light, as it were a diminution of 
iutouitjr in the photosphere; 2. Obatructione (hucIi as a 
r and denser formation of clouds) in the outermost 

According also to Abu'l-l'iirag. (7/is/. Dynaal. 
pp. 94. 99), half of the Sun's disc coutioued obscured 
for eight months. 

733 A.D. One year after the Arabs had been driven back 
iicroBB the Pyrenees after the battle of Tours, the 8un 
was so much darkened on the 19th of August, as to 
escite universal terror. — Schnurrer, Ckron. theil i. 
p. 164. 

807 A-D. A Sun-spot was observed, which was believed 
to be the planet Mercury. — Ileuber, Vet. Script, p. 58 
(see p. 373.) 

8-10 4.D, From the 28th of May to the 2Gth of August 
(Asseniani singularly enO'Jgh gives the date of May, 
ä39), the so-called transit of Venua across the Sun's 
disc was ol)eerved. (Seeabove, pp. 379-380.) 'i'heChalif 
Al-MotBBsem reigned from 834 to 841, when he was 
succeeded by Harun-el-Wntek, the ninth Clialif. 

934 A.D. In the valuable work Ilishria de Portugal, by 
Fnria y Souza, 1T30, p, 147. I find the foUowing- pas- 
Bage: " Ea Portugal sc vid sin luz In tierra por doe 
meses. Avia el Sol perdido bu splendor." The Earth 
was without light for two months in I'ortugal, for the 
Sun had lost its brightness. The bcavcus were then 
opened in fissures " por fracture," by strong Hashes of 
lightning, when there was suddenly bright Sun-light. 

1Ü91 A.D. On the 2l8t of September, the Sun waa dark- 
ened for three hours, and when the obscuration bad 
ceased, the Sun's disc still retained a peculiar colour. 
" Fuit echpsia Solis, II Kal. Octob. fere tres boras: 
Sol circa meridiem dire nigrescehat." Martin Crusiua, 
Annaiei Sutvici, FraDOo£ 1 Ö9S, tom. i. p. 2 79 ; Sohuuner, 
th. i. p, 219. 

1096 A.D. Sun-spots were seen by the naked eye on tlie 
3rd of Tilurch. "Signum in Sole apporuit V, Nono 
Mafoii fenu «ecunda incipicntis qundragcsimm. Job. 
StninJelii, I'rcsbyteri FatayieDsis, Chromcon genfrak^ 



opaqne vaporous envelope inTesting lie pliotosphere. 
ifhidi the radiation of solar light and heat is impedd^ 
3. The impure condition of our atmosphere, ariaing, 



in Otfelii Rerum Boicarwn Scriptom, torn. i. 
p. 485. 
12üß A.D. On the last day of Februarj-, there wi 
cording to Joaquin de Villalba i^Epidtmiotngia espaät 
Madr. 1803, torn. i. p. 30), complete durloieHS for 
hours, turning the day into night. This phenom 
was Bucceeded by long-continued and abundant i 
" El dia ultimo del mes do Fcbrero hiibo un eclipf 
Sol que duro scis horas con tanto obscuridad con 
fiiera media noehe. Signieren ä est« fenomeno abi 
dontes y continuas lluvias." A very similar pheni 
is recorded for June, 1191, by Schnurrer, th. 
258, 263. 

241 iL.D. Five months after the Mongolian battle at 
Liegnitz, the Sun was darkened (in some places?) and 
Htich darknesR CAuaed that the stars could be seen iu the 
heavens at three o'clock on Michaelmas day, " Obscurutus 
est Sol (in quibuadam locis?), et facta sunt tcuebne, ita 
nt Stella] vidercntur in coilo, circa fcstum S. Micbielis 
hOfa nona." Chronicon Claastro.Neohurgejue (of the 
Monastery of Neuberg, at Vienna; this dirooicle com», 
prises the annais of tlie period from tlie year 218 A.] 
to 1348) Fez, Scnplores rerum Auslriac 
1721, torn. i. p. 458. 

547 *.D. The 23rd, 24th, and 25th of April, conse- 
quently the days preceding, and iromediatcly succeeding 
the battle of Mühlbaob, in which the Elector John 
Frederick was taken prisoner. Kepler says in Fara- 
Mpam. ad Vitalliitm, ipiibua .■islronumia pars Optica 
treditw, 1604, p. 259, " The elder and younger Gemma 
record that in the year 1547. before the battle between 
Charles V and the Duke of Saxony, the Sua appearei 
for three days as if it were suffused by blood, while 
the same time many stars were visible at noan." " ' 

fyn Gemma, pater et alius, anno 1547, ante conflit 
Caroli V cum Sasonite Duce, Holem per tres dies 
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insfonce, &om the obscuring (mostly oi'gunic) meteoric dust, 
ink-, or sand-rain, such as ia described by Mncguwan to hare 
continued for several days together in China. The second 
and third of tbeae causes do not require the occurrence of a 
diminution of the electro-magnetic light process, perhaps, 
(of the perpetual polar light"^) in the solar atmosphere ; but 
the last-named cause cscludes the Tisibility of stars at nooR, 
of which suoli frequent mention is made in these mysterious 
and vt^uely described obscurations. 

Arago's discovery of chromatic polarization has not only 
confirmed the existence of the third and outermost envelope 
of the Sun, but has likewise added considerable weight to the 
conjectures advanced in reference to the whole physical con- 



sanguine perfusum comporuisse, ut etiam stellfc pleraque 

in nieridie consjiicerentur." Kepler, (in Stella Nova, la, 

Serpentario, p, 113,) further expresses his uncertainty 

as to the cause of the phenomenon; he asks whether Ue 

diminution of the Sun's light be owing to some celestial 

causes: " Soils lumen ob causas quasdam sublimes hebe- 

tari . . . ." whether it be owing to tbe wide diffli- 

sion of some cometary substance " materia oometica 

lotius sparsa," for the cause cannot have originated in 

our atmosphere, since the stars were visible at noon." 

Schtturrer {C/trotlik der Seiirhen, tb. ii. p, 93) thinka, 

notwithstanding the visibility of the stars, that the 

phenomenon must have becu the same as the so-called 

"Höhenrauch;" for Charles V. complained before the 

battle. " that the Sun was always obscured when he was 

about to engage with the enemy." " Semper se nebolA 

densitnte infestari. quoties eibi cum hoste pugnandim 

sit." (Lambert, Horten». He bello german. hb. vi- p. 182.) 

" Horrcbow {Basis Aslronomia, 1735, § 226) makes lue (rf 

the same expression. Solar light, according to him, is " a 

perpeltiai Norlhem-light juilhin the Aim"« atmosphere, produced 

by the agency of powerful magnetic forces." (See Hanow, in 

Job. Dan. Titius' gemeinnütiigt Abhandlungen iibir 

IVng'-, 1769, p. 102. 
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hition of the ceutral body of our planetary Byatam. " A 
Ry of light which reachcB our eyes, after traversing many 
müliona of miles, from the remotest regions of heaven, 
announces, as it were of itself, in the polariscope, whether 
it is reflected or refracted, whether it emanates from a 
solid or fluid or gaseous body ; it announces even the d^^eo 
of its intensity. (Cfesmos, vol. i. p. 33, and vol. ii. p. 715). 
It is essential to distinguish between natural light, aa it 
emanates directly from the Sun, the fixed stars, or flames 
of gas. and is polarized by reflection from a glass-plate at 
an angle of 35^ 25' ; and that polarized light, which is 
radiated as such from certain suhatances (aa ignited bodies, 
whether of a lolid or liquid nature). The polarized light 
which emanates from the above-named class of bodies, very 
probably proceeds from their interior. As the light thus 
emanates from a denser body into the surrounding attenuated 
atmosphuric strata, it is refracted on the surface ; and in this 
process a part of the refracted ray is reflected back to the 
interior, and is converted by reflection into polarized light, 
whilst the other portion exhibits the properties of light 
poIari7.ed by refractwH. The chromatic polariscope distiu- 
guishes the two by the opposite position of the coloured 
coiriplemenlary images. Arago has shewn, by careful 
esperimenta extending beyond the year 1820, that an 
ignited solid body (for instance, a red-hot iron hall), or a. 
luminous, fused metal, yield only ordinary light, in rays 
issuing in a perpendicular direction, whilst the rays which 
reach our eyes from the margins, under very small angles, 
are polarized. "When this optical instrument, by which the 
two kinds of light could be distinguished, was applied to gas 
flames, there was no indication of polarization, however 
Binall were the angles at which the rays emanated. If even 
the l^bt he generated in the interior of gaseous bodies, the 

4(Ch of way does not ap^iear to lessen the number a 



intensity of the very oblique rays ia their passage tlirough 
the rare media of the gus, nor does their emergeace at the 
surface and their Iruusition into a diifereut uiedium cause 
polarization by refraction. Now, since the Sim does not 
either exhibit any trace of polariaition when the light is 
suffered to reach the polariscope in a very oblique direcdon, 
and at small angles from the margin, it follows &om this 
important comparison that the light shining in the Sun can- 
not emanate from the solid soiar body, nor from any liquid 
substance, but must be derived from a gaseous, self-luminooi 
envelope. We thus possess a material physical analysis ol 
the photosphere. 

The same instrument has, however, also led to the con- 
clusion that the intensity of the light of the Sun is not gi'eater 
in the centre of the disc than at its margins. When the two 
complementary coloured images of the Sou — the red and blue 
—ore so arranged that the margin of the one image falls tax 
the centre of the other, perfect white will be produced. If 
the intensity of the light were not the same in the diffeteat 
parts of the Sun's disc, if, for example, the centre were more 
luminous than the margin, then the partial covering of the 
images in the common segments of the blue and red disc 
would not exhibit a pure white, but a pule red, because Üa 
blue rajs would only be able to neutralize a portion of lh« 
more numerous red rays. If, moreover, we remember tfint 
in the gaseous photosphere of the Sun. in opposition to tihat 
which occurs in solid or liquid bodies, the smallaess of ti» 
angle at which the rays of light emanate, does not cause 
their number to diminish at the margins ; and as the same 
angle of vision embraces a larger number of luminous points 
at the margins than in the centre of the diac. we could not 
here reckon upon that compensation which, were the Sun a 
luminous iron globe, and consequently a solid body, would 
take place between the opposite eS'ects of the smaUnew of 



tlie angle of radiation and the comprehenBion of a larger 
number of luminous points at the same visual angle. "The 
self-luminous gaseous envelope, i. e,, the solar disc visible 
to us, must therefore (in opposition to the indications of the 
polariscope, which shows the margin and the centre to be of 
equal intensity ), appear more luminous in the centre than at 
the margin. The cause of this discrepancy has been ascribed 
to the outermost and less transparent vaporous envelope sur- 
rounding the photosphere, which diminishes the light from 
the centre less than that of the marginal rays on its long 
passage through the vaporous envelope." Bouguer, Laplace, 



" Arago, in the Memoires dei sciences matheTn. et phijs- 
de Vlnstilut de France, annee 1811, partie i. p. 118; 
Matthien, in Delambre, Hist, de I'Astr. au dvrJitittieme liicle, 
pp. 351. 652. Fourrier, £%e de William Mer^cKel. in the 
Mim. de r Institut, torn. vi. annee 1823 (Par, 1827), p. Ixxii. 
It is alike remarkable and corroborative of the great unifor- 
mity of eharacter in the light of the Sun, whether emanating 
from its centre or its mai^ins, that, according to an ingenious 
experiment made by Forbes, during a solar eclipse in 1836, 
a spectrum formed from the circumferential rays alone was 
identical both in reference to the number and position of the 
dark lines or stripes intersecting it, with the spectrum arising 
from the entire solar light. When, therefore, rays of certain 
refrangihility are wanting in solar light, they have probably 
not passed into the Sun's atmosphere, as Sir David Brewster 
conjectures, since the circumferential rays produce the same 
dai'k lines when they shine through a much thicker medium. 
Forbes, in the Comptes rendua, torn. ii. 1836, p. 576. I will 
Impend to this note all the facts that I collected in the year 
1847, from Arago'a MSS. :— 

" Dea pbenomenes de la polarisation eolor^e donnent la 
oerütude que le bord du Soleil a la meme intensity de lumi^re 
que le centie ; car en plagant dans la polariscope un segment 
da bord sur un segment du centre, j'obtiens (eomme efiet 
iNBnpI^mentaire du rouge et du bleu) ua blanc pur. Dans 
tm corps solide (dons une boule de fer cbauäee au rouge) lo^ 



Airy, and Sir John Herschel, are all opposed to these views of 
my fViend, and consider the intensity of the light weaker at the 



meme angle de Tision embrasse une plus Ejimde etondne as 
bord qu'au centre, selon lu. proportion dn cosinus de Tangle : 
maia dans la m^ine proportion aussi, le plus grand nombre 
de points materiels emettent une lumi^re plus faible, en rai»im 
de leur ohliqiiiti. Le rapport de Tangle est iiaturellement le 
m^me pour une sphere gaaeuse, mais I'obliquite ne produiBuit 
pRS dfljis lea gaz le meine elfet de diniiuutiou que dans lea 
corps solides, le bonl de la Ephere gazeuse serait pins 
lumtneus que le ceiitre. Ce que nous appclons le disque 
lumineux du Soleit, est ia photosphere gazeuse, eomme je Tai 
prouve par le manque absolu de traces de polaiisation sxa le 
bord da disque. Pour expliquer done riguliSi dtnteTunti dn 
bortl et du eentre indiquee par le polariscope, il ßiutadmettre 
line cnveloppe exterieure, qui diminue ( Steint ) moins 1b 
lumiöre qui vient du centre que les rayons qui viennent sor 
!e long trajet du bord a I'reil. Cette enveloppe exterieure 
forme la couronue blanchätre dans loa Eclipses totales du 
Soleil. La lumiere qui ^mane des corps solides et liquides 
incandeScens, est partiellement polarisee quand les myons 
observes formont, avec la surface de sortie, un angle d'lin 
petit nombre de degr^s ; mais il n'y a aucune trace sensible 
de polarisation lorsqu'on regnrde de la m^me mani^re daas le 
polariscope des gaz enflammes. Cette experience demuntrc 
que la lumiere aolaire ne sort pas d'une masse solide ou Liquide 
incandes cento. La lumiere ne a'engendre pas uniqaement i 
la surface des corps; une portion nait dana leur aubstanc* 
m^me. celte substance föt-elle du platine. Ce n'est done pns 
la decomposition de I'oxyg^ne ambiant qui donue la lumiere. 
L'emission de lumiere polarisee par le fer liquide est un cttet 
de refraction nu passoge vers un moyen d'une moindre density, 
Partout ou il y a refraction, il y a production d'uu pen dc 
lutni^re polarisee. Les goz n'cn donneut pas, porceque 
leurs couches n'ont pas asscz de densitk La Luue, suirie 
pendant le cours d'une lunaison entifre, offVe des efFets de 
polarisation, esoepte ä I'^poque de la pleine Luno et des joun 
qui en approchcnt boaucoup. La lumiere snlaire trouTO, 
surCout duns les premiers et deruiers quartiers, i la surfac«. 



margin than in thecentre. Thelast named of tbese distinguished 
physicitits and astronomerB expreseea himself as follows, in 



inegale (raontagncuse) de notre satellite, des inclinalsons, de 
plans conveuübles pour produirp la polarisation par reÜexion." 
" The phenomena of chromatic polarisation aiford evidence 
that the mar}<;in of the Sun has the same intensity of light aa 
the centre ; for byplacing in the polariacope a segment of the 
margin upon a ecntrat segment, I obtain a pure white as the 
complementary effect of red and blue. In a solid body (ns 
in an iron ball heated red-hot,) the same Tisual angle 
embraces a larger extent of the margin thn» of the 
centre, according to the ratio of the cosine of the angle: 
but in the same ratio, the greater number of the material 
points emit a feebler light, in consequence of their oUiquity. 
The ratio of tJic angles is naturally the same for a gaseous 
sphere; bat since the obliquity does not produce the 
same amount of diminution in gases HS in solid bodies, the 
mnt^in of the gaaeous sphere would be more luminous than 
lie centre. That which we term the luminous disc of the Sun 
is the gaseous photosphere, as I have proved by tlic entire 
absence of every trace of polarization on the margin of the 
disc. To explain the equality of inferut/if indicated by the 
polariscope for the mai^n and the centre, we must admit the 
existence of an outer envelope, which diminishes {extin- 
guishes) less of the light which comes &om the centre than 
from the marginal rays having a longer way to traveise before 
they reach the eye. This outer envelope forma the whitish 
corona of light observed in total eclipses of the Sun. The 
light which emanates from solid and liquid iucatidescenC 
bodies, is partially polarized when the rays observed form an 
angle of a few degrees with the surface from whence tlicy 
emerge ; but there is no sensible evidence of polariüatiun 
when incandescent gases are scon in the polarisco;>e. This 
experiment proves, tlierefbre, that solar light does not emanate 
from a solid mass or an incandescent liquid. Light is not 
ongendered solely on the surface of bodies ; but a portion 
originates witbiu the substance itself, even when the esjieri- 
tuent is made with platinum. Light, therefore, is not pro- 
duced by the decomposition of the ambient oxygen. The 
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reference to this question ;^ — " Now, granting the existence 
of such an atmosphere, its form, in obedience to the laws of 
equilibrium, must be that of an oblate spheroid, the ellip- 
ticities of whose strata differ from each other and from that of 
tlie nucleus. Consequently, the equatorial portions of this enve- 
lope must be of a thickness different from that of the polar, 
density for density^ so that a different obstacle must be thereby 
opposed to the escape of heat from the equatorial and the 
polar regions of the Sun." Arago is engaged at the present 
moment in a series of experiments, by which he purposes to 
test not only his own views, but also to reduce the results of 
observation to accurate numerical relations. 



emission of polarized light from liquid iron is an effect of 
refraction during its passage towards a medium of lesser 
density. Wherever there is refraction, a small amount of 
polarised light must be produced : gases do not emit polarized 
light, because their strata do not possess the requisite amount 
of density. When the Moon is followed through all its phases, 
it will be found to afford evidences of polarization, excepting 
at the full moon and the days immediately preceding and 
following it. It is more especially during the first and last 
quarters that the unequal (mountainous) surface of our satel- 
lite presents suitable inclinations for the polarization of solar 
light by reflection." 

^ Sir John Herschel, Astron. Ohserv, made at the Cape 
of Good Hope, § 425, p. 434; Outlities of Astr, § 395, 
p. 234. Compare Fizeau and Foucault, in the Comptes Mendus 
de fAcad, des Sciences, tom. xviii. 1844, p. 860. It is 
remarkable enough that Giordano Bruno, who was burnt 
eight years before the invention of the telescope, and eleven 
years before the discovery of the spots of the Sun, should 
have believed in the rotation of the Sun upon its axis. He 
considered, on the other hand, that the centre of the Sun was 
less luminous than the edges. Owing to an optical deception, 
he believed that he saw the disc turn round, and the whirl- 
ing edges expand and contract. (Jordano Bruno, par Christian 
Bartholmess, tom. ii. 1847, p. 367.) 
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comparison between Golsr light and the two most inteiue 
iBcial light which man has hitherui been able to 
produce, j-ields, according to the present im])ericct condition 
of photometry, the following numerical results ; — Fizesu and 
Foucaiilt found, bj their ingenious experiments, that Drum- 
mond's light (produced by the flame of the oxy^hrdrogen 
lamp directed against a surface of chalk) was to the light <rf 
the Sun's disc as 1 to 146. llie luminous current, which in 
Davy's experiment was generated between two charcoal 
jHtints, by means of a Bunsen's battery, having forty-ox 
small plates, was to the light of the Sun as 1 to 4'2 ; but 
when very large plates were used, the ratio was as 1 lo 2'5, 
and this light was, therefore, not quite three times less intenM 
than solar light.* When we consider the surprise atiH 
esperienced at the circumstance of Drunimond's dazzling 
light forming a black spot when projected on the Sun's disc, 
doubly struck by the felicity with which Galileo, bf 
of conclusions us early as 1612," on the smallness of 
distance from the Snn at which the disc of Venus was 
visible to the naked eye, arrived at the result that 
blickest nucleus of the Sun's spots was more luminous 
the brightest portions of the full Moon. 



aseri 
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_ Fizeau and Foucault, Rtcltereha iur Vintfamti de la 

Ijumiere imUe par le Ckai'bon dan» I'erpirience de Dary, in 

the Camples Reiuius, torn, x^-iii, 1844, p. 753. — '■ The most 

intensely ignited solid (ignited quicklime in Lieutenant Drum- 

lOnd's oxy-hydrogeii himp), appear only oi black upots on the 

the Snn when held between it and the eye." Outlines, 

{Owimois, vol. ii. pp. 707-708.) 

Compare Arago'a commentary on Galileo's letter to 

Weiser, as well as his optical explanation of the 

I of the diffuse reflected solar light of the atmospheric 

which cuvei-s the object seen in tlie sky upon the field 

, as it were, with a luminous veil, in the Aiihh- 

Bureuu des Long, pour 1842, pp. 4S2-487. 
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William Herschel, assuming the intensity of the whole 
light of the Sun at 1,000, estimated the average light of the 
penumbrsB at 469, and the black nuclei at 7. According to 
this estimate, which is certainly very conjectural, a black 
nucleus would yet possess 2,000 times more light than the 
full Moon, since the latter, according to Bouguer, is 800,000 
less bright than the Sun. The degree of illumination of 
the nuclei visible to us, i. e. of the dark body of the Sun 
illumined by reflection from the walls of the opened pho- 
tosphere, the interior atjnosphere from which the penumbr» 
are generated, and by the light of the strata of our ter- 
restrial atmosphere through which we see it, has been 
strikingly manifested on the occasion of several transits 
of Mercury. When compared with the planet, whose 
dark side was turned towards us, the near and darkest 
nuclei presented a light brownish-grey appearance.** The 
admirable observer. Councillor Schwabe, of Dessau, was 
particularly struck by this difference of blackness between 
the planet and the nuclei, in the transit of Mercury on 
the 5th of May, 1832. On the occasion of my observing 
the transit of this planet in Peru, on the 9th of November, 
1802, in consequence of being eng^ed in measuring the 
distances from the threads, I was unfortunately unable to 
make any comparison between the different intensities of the 
light, although Mercury's disc almost touched the nearest 
dark spot. Professor Henry, of Princeton, North America, 
had already shown, by his experiments in 1815, that the 
Sun's spots radiate a perceptibly less heat than those portions 
on which there were no spots. The images of the Sun and 
of a large spot were projected on a screen, and the differences 
of heat measured by means of a thermo-electrical appai-atus."* 

^ Madler, Astr. p. 81. 

^ Philo», Mag. ser. iii. vol. xxviii. p. 230; and Poggend. 
Annalen, bd. Ixviii. p. 101. 



Whether rays of hent differ from rays of light, by a differ- 
the lengths of the tnuiBversol vihrations of t'thor; or 
■whether tbey are identical with rays of light, but that a. 
certain yelocity in ihe \ibrationa which generates very high 
temperatures, is requisite to excite the iinpressioa of light ia 
our organs, the Sun, as the main source of light and heat, must 
nevertheless, be able to coll forth and animate niDgnetic 
ibrces on our planet, and more especially in the gaseous 
ita of our atmosphere. The early knowledge of thermo- 
itrical pbenomena in crystallized bodies (such as tourma- 
boracit«, and tupaz), and Oersted's great discovery (1 820) 
it every conductiug body charged with electricity exerts a 
ite action on the magnetic needle during the continua- 
in of the electrical current, afforded practical evidence of 
correlation of heat, electricity, and magnetism. Basing 
deductions ou the idea of such an affinity. Ampere, 
rho ascribed all magnetism to clccti'ical current» which lie in 
plane at right angles to the axes of the magnet, advanced 
ingenious hypothesis that terrestrial magnetism (the 
charge of the Earth) was generated by electrical 
cnirrents, circulating round the planet irom east to west; and 
that the horary variations of the magnetic declination arc on 
this occonnt consequences of the lluctuations of heat, varyiug 
vith the poaition of the Sun, by whose action these curreuts 
Bxe excited. These views of Ampöre have been coufirmed 
by Seebeck's thermo- magnetic experiments, in which diffe- 
rences of temperature of the points of contact of a circle 
iposed of bismuth and copper, or other heterogeneous 
I, affect the n)agnetic needle. 
Another recent and brilhant discovery of Faraday's, the 
of which has been of almost simultaneous occurrence 
th the printing of these pages, throws an unexpected light 
, the sauie important subject. "Whilst the earlier researches 
this great physicist showed that all gases e 
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t. e. assume a direction from east to west, as bismuth and 
phosphorus, but that this property is most feebly exhibited 
in oxygen ; it has been shown by his latest researches, which 
were begun in 1847, that oxygen alone, of all gases, like 
iron, assumes a position from north to south ; and that oxygen 
gas loses a portion of its paramagnetic force by expansion 
and by elevation of the temperature. Since the diamagnetic 
activity of the other constituents of the atmosphere, such as 
the nitrogen and carbonic acid, are not modified by expan- 
sion or by an elevation of temperature, it only remains for 
us to consider the oxygen " which surrounds the whole Earth 
as it were, like a large sphere of sheet-tin, and receives mag- 
netism from it." The half of this sphere which is turned 
towards the Sun, is less paramagnetic than the opposite half; 
and as the boundaries of these halves are constantly altered 
by their rotation and revolution round the Sun, Faraday is 
inclined to refer a portion of the variations of terrestrial mag- 
netism on the Earth's surface to these thermic relations. The 
assimilation thus shown by experiment to exist between a 
single gas (oxygen) and iron, is an important discovery of our 
own age,** which derives additional value from the fact that 
oxygen probably constitutes the half of all the ponderable 
matters that occur in accessible portions of our Earth. 
Without assuming magnetic poles in the Sun's body, or any 
special magnetic forces in the solar rays, the central body 
may, as a powerful som'ce of heat, excite magnetic activity on 
our planet. 

The attempts that have been made to prove, by means of 
meteorological observations prosecuted for many years at 

^ Faraday upon atmospheric magnetism, in the Exper, 
Researches on Electricity, series xxv. and xxvi. {Philos, 
Transact, for 1851, part i.) § 2774, 2780, 2881, 2892, 
2968, and for the history of the investigation, § 2847. 
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miulivtdual spots, that one side of tlie San (for instance the 

e which was turned towards the Earth on the Ist uf Junuary, 

■1846) possesses a more intense heating potver than the oppo- 

" have not led to more reliable results than the older 

ch observatiouB of Maskelcyne, which were supposed 

t> prove that the Suu had decreased in diameter. 

The observations made by Councillor Schwabe, of Dessau, 

mtoT reducing the periodicity of the Sun's spots to definite 

nuiDerical relations, appear to have a surer foiuidution. No 

astronomer of the present day, however admirable may have 

been bis instruments, could have devoted his attention more 

continuously to this subject than Schwabe, who, duriug the 

longperiodof twenty-four years, frequeDtlyeiamined the Sun's 

disc upwards of 300 days in the year. As his observations 

of the Sun's spots from 1844 to 1850 have not yet been 

published, 1 have presumud so far ou our friendship as to 

request that he would communicate them to me, and at the 

same time answer a number of questions which I proposed 

L,fo him, I will close tbis section of the Physical Connfilulmn 

r Central Hoily, with the observatioas with which this 

fabserver ha» allowed me to enrieb the astronomicul portion 

of my work. 

" The numbers contained in the following table leave no 
doubt that, at least from the year 1826 to 1850, the occur- 
rence of spots has been so far charactcriKed by periods of 
ten years, that its maxioia hare fallen in the years 1828, 1837, 
and 1848. and its minima in the years 1833 and 1843. I 
have had no opportunity," says Schwabe, " of acquainting 
myself with the older observations in a continued series, but 



" Compare Nervander of Helsingfors, in the Bulletin dt 
la Classe Physico-MatMm. de I' Acad, de St. Pilersbourg, 
torn. iii. 1845, pp. 30-32: and Ijuys-Bullot, of Utrecht, in 
Poggend, Aimalm der Physik, vol. Isviii. 1846, pp. 305-213. 
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I willingly concur in the opinion that this period may itself 
be further characterized by variability."** 



Year. 


Groups. 


Days showing 
no Spots. 


Days of 
Observation. 


1826 


118 


22 


277 


1827 


161 


2 


273 


1828 


225 





282 


1829 


199 





244 


1830 


190 


1 


217 


1831 


149 


3 


239 


1832 


84 


49 


270 


1833 


33 


139 


267 


1834 


51 


120 


273 


1835 


173 


18 


244 


1836 


272 





200 


1837 


333 





168 


1838 


282 





202 


1839 


162 





205 


1840 


152 


3 


263 


1841 


102 


15 


283 


1842 


68 


64 


307 


1843 


34 


149 


312 


1844 


52 


111 


321 


1845 


114 


29 


332 


1846 


157 


1 


314 


1847 


257 





276 


1848 


330 





278 


1849 


238 





285 


1850 


186 


2 


308 



** I have distinguished by inverted commas the quotations 
from Schwabens manuscript communications from pp. 399-400. 
Only the observations of the years 1826 to 1843 have already 
been published in Schumacher's Astran, Nachr. no. 495 
(Bd. xxi. 1844), p. 235. 
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B " I observed large spots risible to tlie naked eje in almost 

BB tbe years not charactertzcd by the minimum ; the lai^j^est 
^teiearedin 1828, 1829, 1831, 1836, 1837. 1838, 1839, 1847, 
B848. I regard all spots wbose diameter exceeds 50' as 
H|i^, and it is only when of such a size that they b^in to 
Hp visible to even the keenest unaided sight. 
H ''The ^ota are undoubtedly closely connected with the 
|bmation of facula^, for I have often observed taenia: or ' nar- 
^Mi' formed at the same points from whence the spcls had 
Hiaappeared, whilst new solar spota were also develuped within 
^Ke faculce. Every spot is surrouuded with a more or less 
^Kghc luminous clond. I do not think that the spots exert auv 
^KflucDce on the annual temperature. I register the height 
Hi the barometer sod thermometer three times in the course 
He each day, but the annual mean numbers deduced from 
^Biese observations have not hitherto indicated any appre- 
^Pri>le connection between the temperature and the number 
^HE the spots. Nor, indeed, would any importance be due to 
H^ apparent indication of Euch a conuoction in individual 
^■■es, unless tlie results were found to correspond with others 
BBaived tram, many different parts of the Earth. If the 
solar spots eserl; any slight iniluence on our atmosphere, my 
tables would, perhups, rather tend to show that the years 
which exhibit a larger number of spats, had a smaller number 
^^ fiite days thuu those exhibiting few spots." (Schum, 
Hf/ron. Nackr. No. 638, g 221.) 

H»' ■William Hersohel named the brighter streaks of light 
which are seen only towards the Sun's circumference, Jae\da, 
and the vein-like streaks visible only towards the centre of the 
Sun's disc, ' narben' (.Astr. Nachr. No. 350, p. 243). I am 
opinion that lhe_/aPWÄe and ' nnrben' are both derived from 
the same conglobate luminous clouds, which appear more 
intensely bright at the circumference, but being less luminous 
IL the centre of the Sun's disc than the surface, exhibit ths 
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appearance of "narben." I think it preferable to designate 

all the brighter portiooB of the Sun aa luminom cloudi, 

dividing them, aeeordiiig to tlieir form, into globale and 

in-like. These liiminoua cloiida are irregularly distributed 

CT the Sun, and when more strongly manilested occasion- 

ally impart a mottled or marhled appearanee to the disc. 

s often distinctly visible over the entire circumference 



1 



■en to its poles, but yet always 
I the two proper zones of the 
e visible in those regions. At 
s of Sun-spots vividly remind 



L 



This is 

of the Sun, and sometimes c 
moat decidedly manifested i 
apota, even when no s]>ots a 
auch times these bright zon 
one of Jupiter's belts. 

" The fainter portions lying between the vein-like luminous 
clouds on the general surface of the Sun are deeper inden. 
tationa, and always present a shagreen-like grey, sand-like 
appearance, reminding the observer of a mass of unifoiTuly- 
Bized grains of eand. On this shagreen-Lke surface we may 
occaaioually notice exceedingly small faiut grey (not black) 
pores, which are furtlier intersected by very delieat« dark 
veins. {Aatr. Nachr. no. 473, p. 286.) These pores, when 
present in large masses, form grey nebuloua groups, consti- 
tuting the penumbree of the Sun-spots. Here tlie pores and 
black points may be seen spreading from the nucleus to the 
circumference of the penumbra, generally in a radiating form, 
which ocoasiona the identity of configuration so frequently 
observed to exist between the penumbra and the nucleus." 

The atgnification and connection of these varying pheno- 
mena, can never be manifested in tlieir entire importance, to 
the inquiring physicist until an uninterrupted seriea of 
representations of the Sun's spots" can be obtained by the 
aid of mechanical clock-work and photographic apparatus, 
aa the result of prolonged observations during the many 

" Sir John Ilerschel, Observations at the Cape, p. 434. 
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months of serene weather enjoyed in a tropical climate. The 
meteorological processes at work in the gaseous envelopes of 
the dark body of the Sun, are the causes which produce the 
phenomena termed Sun-spots and conglobate luminous clouds. 
It is probable that there, as in the meteorology of our own 
planet, the disturbances of very multifarious and complicated 
character depend upon such general and local causes, that it 
can only be by means of prolonged observations, charac- 
terized by completeness, that we can hope to solve even a 
portion of this still obscure problem. 



^J^UFPm} 
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THE PLANETS. 



General comparative considerations of a whole class of 
cosmical bodies must here precede their individual descrip- 
tion. These considerations refer to the 22 principal planets 
and 21 moons [satellites, or secondary planets^ which have 
been discovered up to the present time ; not to the planetary 
bodies in general, among which the comets whose orbits have 
been calculated are alone tenfold more numerous. The 
planets possess, upon the whole, a feeble scintillation, inas-» 
much as they shine by the reflected light of the Sun, and 
their planetary light emanates from discs. ( Cosmos^ vol. iiL 
p. 101.) In the ash-coloured light of the Moon, as well as 
in the red light of its obscured disc, which is seen with 
great intensity between the tropics, the Sun's light under* 
goes, in reference to the observer upon the Earth, a twice 
repeated change in its direction. Attention has been already 
directed elsewhere^ to the fact, that the Earth and other 
planets possess in themselves a feeble power of emitting 
light, as is specially proved by some remarkable phenomena 
upon that portion of Venus which is turned away from 
the Sun. 

We shall consider the planets according to their number^ 

* Cosmos, vol. i. p. 196, and note p. 197. 
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the sequence of their discovery, their volumes compared either 
with each other, or with their distances from the sun ; accord- 
ing to their relative densities, masses, periods of rotation, 
degrees of eccentricity, the inclinations of their axes, and charac- 
teristic differences within and beyond the zone of the small 
planets. In the comparative contemplation of these subjects, 
it is consistent with the nature of this work, to bestow espe- 
cial attention upon the selection of the numerical relations, 
which, at the period in which these pages appear, are con- 
sidered to be the most accurate, t. e, the results of the most 
recent and reliable investigations. 



a. PEINCIPAL PLANETS. 

1. Number and epoch of discovery, — Of the seven cosmical 
bodies which, from the most remote antiquity, have been 
distinguished by their constantly varying relative position 
towards each other from those which apparently maintain the 
same positions and distances, — the scintillating stars of the 
region of fixed stars [orbis inerrans] — there are only five 
which appear star-like, "quinque stella errantes ;'* they are 
Mercury, Venus, Mars, Jupiter, and Saturn. The Sun and 
the Moon remained almost separated from the others, since 
they form large discs, and also on account of the greater 
importance attached to them in accordance with religious 
myths.' Thus, according to Diodorus (ii. 30), the Chaldeans 
were acquainted with only five planets. Plato also says 
distinctly in the Timaus, where he only once mentions the 
planets, "Round the Earth, fixed in the centre of the Cosmos, 

' Gesenius, in the Hallischen Litteratur-Zeitung, 1822, 
Nos. 101 and 102 (Supplement, pp. 801-812). Among the 
Chaldeans, the Sun and Moon were held to be the two princi- 
pal deities ; the five planets merely represeilted genii. 

TOL. IT. I 
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move the Moon, the Sun, and five other siara, which have 
received the name of planets; the whole, therefore, in seven 
revohitions." • In the old Pythagorean representation of the 
celestial system, according to Philolaus, the five planets were 
mentioned in a similar manner among the ten deified bodies 
which revolve round the central fire (the focus of the 
universe, ema) " immediately beneath the region of fixed 
stars;'** these were succeeded by the Sun, Moon, Earth, 
and the avn'xOwv (the anti-Earth). Even Ptolemy always 
speaks of only ßre planets. The enumeration of the 
planets in systems of seven, as Julius Firmicus distri- 
buted them among the decani,* as they are represented 
in the zodiacal circle of Bianchini (probably of the third 
century after Christ), examined by myself elsewhere,* and 
as they are met with in the Egyptian monuments of the 
time of the Caesars, does not belong to the ancient astronomy, 
but to the subsequent epochs, in which astrological chimeras 
had become universally diffused.^ We must not be surprised 

• Plato, in the Timceus, p. 38, Steph. Davis's translation, 
ed. Bohn, p. 342. 

* BÖckh, de Platonico systemate ccelestium glohorum et de 
vera indole astronomice Philolaicce, p. xvii., and the same in 
Philolaus. 1819, p. 99. 

* Jul. Firmicus Matemus, Astron., libriviii. (ed. Pruckner, 
Basil, 1551), lib. ii. cap. 4, of the time of Constantino the 
Great. 

• Humboldt, Monumens des peuples indigenes de VAmMque^ 
vol. ii. pp. 42-49. I have already directed attention in 1812 
to the analogy between the zodiac of Bianchini and that of 
Dendera. Compare Letronne, Observations critiques sur les 
representations zodiacales, p. 97; and Lepsius, Chronologie 
der Mgypter^ 1849, p. 80. 

' Letronne, Sur V Origine du Zodiaque grec^ p. 29. Lep- 
sius, Chronol. der ./Egypt, p. 83. Letronne opposes the old 
Chaldean origin of the planetary week on account of the 
number seven. 
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that the Mocm wms indnded in tbe senes of ihe seren pbnets» 
since, with the exoepfdon of m joemnnkut tbeanr of joazae- 
tion put forward hj- Anaxagonts CmBDc. toL iL p. 690, 
and note 27), its mare intimate eonBexkm wiih 'ÜMt Earth 
was scarcely ever gitspecfed by tike »r^*^^ On iht eoslzanr, 
according to an c^iinion re^ieeting t^ fysLem of iht wond 
which VitruTins' and Maitianiis CipeLa' quote, wiiixnit SUI- 

• Vitruv. de ArcJui, ix. 4 (ed. Bode, 16O0, p- 209^ X«- 
ther VitniTios nor Mardanns Capella meniicm the Egrptaast 
as the originators of a system, according to widch Mt^emj 
and Venus are considered as sateHiies of the planetanr »m. 
The former says, **Mercurii autem et Veneris &M=£at circnm 
Solis radios, solem ipsimu uti centrmn, rbneribns eotronantes, 
regressus retrorsom et zetazdationes £aciant.'^ ^Bnt Mer- 
cury and Venus, which encircle in their odnts the Son it«elf 
as a centre, retrogress and proceed slowly ronnd its Tuy%S* 

* Martianus Mineus Fe&x CapeQa. Ih XuptUt PkiUa. ei 
Mercurii^ lib. viiL (ed. Grodi, 1599, p. 289^: *-For thcmgh 
Venus and Mercury appear to rise and set daily, yet their 
orbits do not, howcfer, go round the Earth, but revolre round 
the Sun in a wider orbit. In £ict, the centre of their orbits 
is in the Sun, so that they are sometimes abore it . • . •'* 
*^Nam Venus Mercuriusque licet ortos occasusque quoti' 
dianos ostendant, tarnen eorum circuli Terras omnino non 
ambiunt, sed circa Solem laxiore ambitu circuhmtor. De- 
nique circulorum suorum centrum in Sole constituunt, ita itt 
supra ipsum aliquando . . •" As this [^ce is written orer, 
^'Quod Tellus non sit centrum omnibus planetis,'* ^Because 
the Earth is not the centre of all the planets,*' it may cer« 
tainly, as Gassendi asserts, hare Ixad an influence upon the 
£rst Tiews of Copernicus, more than the passages attributed 
to the great geometer, Apollonius of Perga. Uowerer, 
Copernicus only says, '"" Minime contemneudum arbitror, 
quod Martianus Capella scripsit, existimans quod Venus 
et Mercurius circumerrant Solem in medio existentem«" 
** I by no means think that we should despise what Mar- 
tianus Capella has written, who supposes that Venus and 

I 2 
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ing its originator, Mercury and Venus, which we call planets, 
are represented as satellites of the Sun, which itself revolves 
round the Earth. There is as little foundation for considering 
such a system as this to be Egyptian,*® as there is for con- 



Mercury revolve round the Sun, which is fixed in the centre." 
Compare Cosmos^ vol. ii. p. 693, and note 

*° Henry Martin, in his Commentary to the Tim(Btis 
{Etudes sur le Timee de Platon, tx>m. ii. pp. 129-133), appears 
to me to have explained very happily the passage in Macro- 
bius respecting the ratio Chaldaorum, which led the praise- 
worthy Ideler into error (in WolflTs and Buttmann's Museum 
der Alterthums- Wissenschaft, b'd. ii. s. 443, and in his Treatise 
upon Eudoxus, p. 48). Macrobius (in Somn. Scipionis, lib. i. 
cap. 19, lib. ii. cap. 3, ed. 1634, pp. 64 and 90.) says nothing 
of the system mentioned by Vitruvius and Martianus Capella, 
according to which Mercury and Venus are satellites of the 
Sun, which, however, itself revolves with the other planets 
round the Earth, which is fixed in the centre. He enumerates 
only the differences in the succession of the orbits of the 
Sun, Venus, Mercury, and the Moon, according to the views of 
Cicero. He says, " Ciceroni, Archimedes et Chaldeeorum 
ratio consentit; Plato JEgyptios secutus est." *' Archimedes 
and the system of the Chalda;ans agree < Plato followed that 
of the Egyptians." When Cicero exclaims in the eloquent 
description of the whole planetary system {Somn. Scip., 
cap. 4 ; Edmond's translation, ed. Bohn, p. 294) : " Hunc 
(Solem) ut comites consequimtur Veneris alter, alter Mer- 
curii cursus;" " The motions of Venus and Mercury follow 
it (the Sun) as companions," he refers only to the prox- 
imity of the Sun's orbit and those of the two inferior planets, 
after he had previously enumerated the three cursus of 
Saturn, Jupiter, and Mars: all revolving round the im- 
movable e£ui;h. The orbit of a secondary planet cannot 
surroimd that of a principal planet, and yet Macrobius says 
distinctly: "JEgyptiorum ratio talis est: circulus, per quern 
Sol discurrit, a Mercmii circulo ut inferior ambitur, ülum 
quoque superior circulus Veneris includit." ** The foUowing 
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founding it with the Ptolemaic epicycles, or the system of 
Tycho. 

The names by which the star-like planets of the ancients 
were represented, are of two kinds: names of deities, and 
significantly descriptive names derived from physical charac- 
ters. Which part of them originally belonged to the Chal- 
deans, and which to the Egyptians, is so much the more 
difficult to determine from the sources which have hitherto 
been made use of, as the Greek writers present us, not with 
the original names employed by other nations, but only 
translations of these into Greek equivalents, which were more 
or less modified by the individuality of those writers' opinions. 
What knowledge the Egyptians possessed anterior to the 
Chaldeans, whether these latter are to be considered merely 
as gifted disciples of the former," is a question which infringes 
upon the important, but obscure problem of primitive civili- 
zation of the human race, and the commencement of the 
development of scientific ideas upon the Nile or the Eu- 
phrates. The Egyptian names of the 36 Decans are known; 
but the Egyptian names of the planets, with the exception 
of one or two, have not been transmitted to us." 

It is remarkable that Plato and Aristotle employed only 
the names of deities for the planets which Diodorus also 



is the system of the Egyptians : the circle in which the Sun 
moves is encompassed by the circle of Mercury, which in its 
turn is encircled by the larger one of Venus." The orbits are 
are all permanently parallel to each other mutually sur- 
rounding. < 

" Lepsius, Chronologie der Ägypter, th. i. p. 207. 

" The name of the planet Mars, mutilated by Vettius 
Valens and Cedrenus, must, in all probability, correspond to 
the name Her-tosch, as Seb does to Saturn. (Lepsius, 
ChronoL der jEgypt, pp. 90 and 93.) 
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mentions; while at a later period, for example, in the book 
De Mundo^ erroneously attributed to Aristotle, a combination 
of both kinds of names are met with, those of deities, and 
the descriptive (expressive) names : (fxuvwv for Saturn, 
oTiXßwv for Mercury, wvpoei^ for Mars." Although the name 



" The most striking differences are met with on comparing 
Aristot. Metaph. xii. cap. 8, p. 1073, ed. Bekker with Pseudo- 
Aristot. De Mundo, c^p. 2, p. 392. The planet names Phae- 
thon, Pyrois, Hercules, StDbon, and Juno, appear in the 
latter work: Vrhich points to the times of Apuleius and the 
Antonines, in which Chaldean astrology was already diffused 
over the whole Roman empire, and the terms of different 
nations mixed with each other. (Compare Cosmos, vol. ii. 
p. 381, and note.) Diodorus Siculus says positively that 
the Chaldeans first named the planets after their Baby- 
lonian deities, and that these names were thus transferred to 
the Greeks. Ideler {Eudoxus, p. 48), on the contrary, as- 
cribes these names to the Egyptians, and grounds his argu- 
ment upon the old existence on the Nile of a seven-day 
planetary week {^Handbuch der Chronologie, bd. i. p. 180): 
an hypothesis which Lepsius has completely disproved 
{^Chronologie der ^g. th. i. p. 131). I will here collate from 
Eratosthenes, from the editor of Epinomis (Philippus Opim- 
tius?), from Geminius, Pliny, Theon of Smyrna, Cleomedes, 
Achilles Tatius, Julius Firmicus, and Simplicius, the synonyms 
of the five oldest planets, as they have been transmitted to 
us chiefly through predilection for astrology: 

Saturn: (paivwv. Nemesis, also called a sun by five authors 
(Theon. Smyrna, p. 87 and 105, Martin); 

Jupiter: ({yaeOoDv, Osiris; 

Mars: irvpoci^, Hercules; 

Venus: ewtrcßopo^, (f>ivff(j)6po9, Lucifer; eairepo^. Vesper; 
Jimo, Isis; 

Mercury: artXßwp, Apollo. 
Achilles Tatius {/sag. in Phaen, Arati, cap. 17.) considers it 
strange " that the Egyptians, as well as the Greeks, should call 
the least luminous of the planets, the shining" (perhaps only 
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of sun wns strangely enough applied to Saturn, the outermol 

of the then known planets, as is proved hy several p 

in the Commentary of Simplicius (p. 122), to the eigU 



because it brought prosperity). According to Diodorus, 1 
name refers to the opinion "that Saturn wbs that plar 
which principally and most clearly foretold the future." — 
Letronne, Sur I'Oriyine du Zodiaqtie. yrec, p. 33, and in the 
Journal des Savants, 1836, p. 17; compare alao Carteron, 
Analyse de Recherehes Zodiaeales, p. 97. Names which are 
transmitted as equivalents from one people to another, cer- 
tainly depend in many cnaes, in addition to their origin, 
upon accidental ciicum^Iances, which cannot be investi' 
gated; however, it is necessary to remark here, that etymo- 
logically. ipaiveiv expresses a mere shining, a fainter evolu- 
tion of light which is continuous or constant in intensity, 
while <TTi'\^'ftv refers to an intermittent scintillating light of 
greater brilliancy. The descriptive names: (pmuaiv for the 
remote Saturn, otiXj^uii- for the nearer planet Mercurj', appear 
the more appropriate, as I have before pointed out ( Casmos, 
vol. iii. p. 95), from the circumstance that as seen by day in 
the great refractor of Frauenhofer. Saturn and Jupiter appear 
feebly luminous in comparison with the Bcintillating Mercury. 
There is, therefore, as Professor Franz remarks, a succe 
of increa.'iing brilliancy indicated from Saturn {jpoiroi 
Jupiter, from Jupiter (0^0011-) to the coloured glowing 
(»upo'ei«), to Venus (0uj(r0o/iDs), and t(t Mercury {irriXßiui 
My acquaintance with the Indian name of Saturn ('fai 
tehara) the elowh/ wandering, induced me to ask my c 
brated friend Kopp, whether, upon the whole, a distinction 
between names of deities and descriptive names, was also to 
be made in the Indian planetary names, as in those of the 
Greeks, and probably the Chaldi'una, I here insert the 
opinion, for which I am indebtt>d to this great philologist, 
arranging the planets, however, according to their actual 
disiances from the Sun, as the above table (commencing with 
the greatest distance), not as they stand in Amarakotcha (t 
Cok-brooke. pp. 17 and 18). There are, in fact, a 
five Sanscrit names, three descriptive ones: Saturn, Mar| 
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book of the De Coelo of Aristotle, in Hygin, Diodoros, and 
Theon of Smyrna ; it certainly was only its position, and the 
length of its orbit, which raised it above the other planets. 

'* Saturn: 'sanaistschara, from 'sanais, slow, and tschara, 
going ; also 'sauri, a name of Vishnu (derived as a patronymic 
from *süra. Grandfather of Kri,) and 'sani. The planet name 
'sani-värafor ' dies Saturni,* is radically related to the adverb 
'sanais, slow. The names of the week-days derived from 
planets appears, however, not to have been known to Amara- 
sinha. They are, indeed, of later introduction. 

"Jupiter: Vrihaspati; or, according to an older Vedic 
mode of writing which Lassen follows, Brihaspati: the Lord 
of increase, a Vedic deity: from vrih (brih), to grow, and 
pati, lord. 

"Mars: angaraka (from angara, burning coal); also 
lohitanga. the red body: from 16hita, red; and anga, body. 

"Venus: a male planet, which is called sukra, i. e, the 
brilliant. Another name of this planet is daitya-guru: 
Teacher, guru, the Titans, Daityas. 

" Mercury : Budha, not to be confounded as a planet name 
with Buddha, the founder of the religious sect; also Bau- 
hineya, the son of the nymph Rohini, wife of the Moon 
(soma), on which account the planet is sometimes called 
saumya, a patronymic of the Sanscrit word mond. The 
etymological root of budha, the planet name, and buddha, the 
name of the saint, is budh, to know. It seems to me impro- 
bable that Wuotan (Wotan, Odin) are connected with Budha. 
This conjecture is founded, indeed, principally upon the 
external similarity of form, and upon the correspondence of 
the name of the day of the week, ' dies Mercurii,* with the old 
Saxon Wodanes-dag, and the Indian Budha- vara, i. e, Budha's 
day. The primitive signification of vara is repetition, for 
example, in bahuvärän, many times, often; it subsequently 
occurs at the end of a compound word with the signification 
day Jacob Grimm derives the German Wuotan from the 
verb watan, vuot (the German waten), which signifies: meare, 
transmeare, cum impetu ferri, and orthographically corre- 
sponds to the Latin vadpre. {Deutsche Mythologie^ p. 120.) 
Wuotan, Odinn is, according to Jacob Grimm, the all-power* 
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The descriptive names, however old and Chaldean ihey may 
be, were not very frequently employed by iho Greek and 
Roman writers until the time of the Cccsars. 'Their diffusion 
is connected with the indueuce of astrology. The pliinetary 
Bigns are, with the exception of the disc of the Smi and the 
Moon'e crescent upon Egyptian monuments, of very recent 
origin; according to Letronne's researehea" they would not 



ful, all-penetratiug being: ' qui omnia permcut,' as Lucan 
saya of Jupiter." Compai«, with reference to the Indian names 
of the days of the week, Budha and Buddha, and the week- 
days in general, the observations of n>y biMthev, in his work, 
Veber die VerHndungert zmiachen Java und Indien (Kuwi 
Bpraohe. bd. i. pp. 187-190). 

"• Compare Letronne, Sur V Amulette de Jules Cesar et lei 
Signex PUinefaires, in the Rei:tte Archiologique Annie III., 
1846, p. 261. SalmasiuB considered the oldest planetary 
sign for Jupiter, to be the initial letter of Zeur, that of Mars 
a contraction of the cognomen Oovpio^. The Bun-diso wag 
rendered almost uu recognizable by an oblique and trian- 
gular bundle of rays issuing from it. As the Earth was 
not included among the planets in any of the ancient sys- 
tems, except, perhaps, the Philo- Pythagorean, Letronne 
considers the pLiuetary sign of the Earth " to have come 
into use after the time of Copernicus." The remarkable pas- 
sage iu Olympiodorua, on the consecration of the metals 
to individual phmets, is taken from I'roclus, and was traced 
"by Boekh (it is in p. 14 of the Basil edition, and at p. 30 of 
Schneider's edition). Compare for Oiympiodorus, Aristot. 
Meteof. ed. Ideler, torn. ii. p. 163. The scholium to Pindar, 
{^lithm.) in which the metals are compared with the planets, 
also belongs to the new Plutonic school; Lobeck (Agluopha- 
muB in Orph. tom. ii. p. 936). In accordance with the same 
connexion of ideas, planetary signs hy-and-bye became signs 
of the metals; indeed, some (us Mercwius, for quicksilver, 
the argentum vitvvi and hydrargyrva of Pliny) became 
names of metals. In the valuable culleotion of Greek manu, 
scripts of the Paris Lihiary are two manuscripts on the cubal- 
o-called sacied ott, of which one (ft'o, 2250) mea; 
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date further back than the tenth century. Even upon stones 
with Gnostic inscriptions they are not met with. Subsequent 
transcribers have, however, added them to Gnostic and 

tions the metals consecrated to the planets without planetary 
signs ; the other, however, (No. 2329) which, according to 
the writing, is of the fifteenth century, (a kind of chemical 
dictionary,) combines the names of the metals with a small 
number of planetary signs. (Höfer, Histoire de la Chimie^ 
tom. i. p. 250.) In the Paris manuscript, No. 2250, quick- 
silver is attributed to Mercury, and silver to the Moon, while, 
on the contrary, in No. 2329, quicksilver belongs to the Moon, 
and tin to Jupiter. Olympiodorus has ascribed the latter 
metal to Mercury. Thus indefinite were the mystic relations 
of the cosmical bodies to the metallic powers. 

This is also the appropriate place to mention the planetary 
hours and the planetary days in the small seven day period 
(the week), concerning the antiquity and diffusion of which 
among remote nations more correct views have only recently 
been established. The Egyptians had originally no short 
periods of seven days, but periods of ten days, similar to the 
week, as has been proved by Lepsius ( Chronologie der JEg, 
p. 132), and as is also testified by monuments which date back 
to the most remote times of the erection of the large pyramids. 
Three such decades formed one of the twelve months of the 
solar year. On reading the passage in Dio Cassius (lib. 
xxxvii. cap. 18): — "That the custom of naming the days 
after the seven planets was first adopted by the Egyptians, 
and had, in no very long time, been communicated by them 
to all other nations, especially the Romans, with whom it 
was then already quite familiarized," it must not be for- 
gotten that this writer lived in the later period of Alexander 
Severus, and that since the first irruption of the Oriental astro- 
logy under the Caesars, and in consequence of .the early and 
extensive commerce of so many races of people in Alexandria, 
it was the fashion among western nations to call everything 
Egyptian which appeared ancient. The seven-day week was 
imdoubtedly the earliest and most diffused among the Semitic 
nations; not only among the Hebrews, but even among the 
nomadic Arabians long before the time of Mohammed. 
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alchemistic maniii^ripts ; scarcely, in any case, to the oldest 
nuumscripls of Greek astronomers ; of Ptolemy, of Theon, 
or of Cleomede», The earliest planetary sigoa. some of which 

I have eabmitteil to a lenmed investi^tor of Semitic anti- 
qnities. the Oriental traveller Professor Tischendorf, at Iicip- 
sic, the question, whether, besides the Sabhuth, there occ\ir 
in the Old Testament any names for the individtial diiys of 
the week (other than the second and the third of the schebua) ? 
Whether no planetary name for any one day of the seven-day 
period occurred anywhere in the New Testament at a period 
in which it was certain that the foreign iiilmbitnnts of Pales- 
tine already pursued planetary astrology ? The niiswcr was, 
"" There is an entire absence, not only in the Old and Now 
Testaments, but also in the Mischna and Talmud, of any traces 
of names of week-days, taken from the plaoets. Neither is the 
exprcssion.theseeondor third day of the 5cA«Jua employed, and 
time is generally reckoned by the days of the month ; the day 
before the Sabbath ia also called the sixth day, without any 
further addition. ITie word Sabbath was also transferred to 
the week throughout, (Ideler. ffandbtwh der Chronol. bd, i. 
p. 780) ; consequently, the firet, second, and third day of the 
Sabbath stand for the days of the week in the Talmud as well. 
The word eß£opa^ for scHebua, is not in the New Testament, 
The Talmud, which certainly extends from the second to the 
third century, has descriptive Hebrew niimes for a Eewjilanets, 
for the brilliant Venus and the red-coloarcd Mars. Among 
these the name of Sabbatai (literally Sabbath -star,) for 
Saturo, is especially remarkable ; as among the Pharisaic 
names of the stars which Epiphanius enumerates, the name 
Hocbab Sabbath is employed for Saturn." Has not this had 
an inüuence upon the conversion of Sabbath day into Saturn 
day, the '■ Salumi aaem dies " of Tibullus (jE^cy. i. 3, 18)? 
Another passage in Taoitus extends the range of these rela- 
tions to Saturn as a planet, and as a traditional historical per- 
eonage. (Compare also Fürst, Kultur- und lÄUerattirgesckichte 
der Juden in Asien, 1849. p. 40}. 

The different lumimms forme of the Moon certainly attracted 
the observation of hunters and herdsmen earlier than astro- 
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(Jupiter and Mars) originated, as Salmasins has shown, with 
his ordinary acuteness, from letters, and were very different 
from ours; the present form reaches scarcely beyond the 

logical phantasms. It may, therefore, be assumed, with 
Ideler, that the week has originated from the length of the 
synodic months, the fourth part of which amounts, on the 
average, to 7f days ; that, on the contrary, references to the 
planetary series, (the sequence of their distances from each 
other,) together with the planetary hours and days, belongs 
to an entirely different period of advanced and speculative 
culture. 

With reference to the naming of the individual week-days 
after planets, and the arrangement and succession of the 
planets — 

Saturn, Venus, 

Jupiter, Mercury, and 

Mars, Moon, 
Sun, 

situated according to the most ancient and widely diffused 
belief (Geminus, Elem. Astr, p. 4 ; Cicero, Somn, Scip, 
cap. 4; Firmicus. ii. 4; Edmond's translation, ed. Bohn, 
pp. 294-298,) between the sphere of fixed stars and the 
immovable earth as a central body, there have been three 
views put forward ; one derived from musical intervals ; 
another from the astrological names of the planetary hours ; 
a third from the distribution of each three decans, or three 
planets, which are the rulers {domini) of these decans among the 
twelve signs of the zodiac. The first two hypotheses are met 
with in the remarkable passage of Dio Cassius, in which he 
endeavours to explain (lib. xxxvii. cap. 17,) why the Jews, 
according to their laws, celebrated the day of Saturn (our Satur- 
day). " If," says he, " the musical interval which is called hta 
rcaaaptvv, the fourth, is applied to the seven planets according 
to their times of revolution, and Saturn, the outermost of all, 
taken as the starting-point ; the next, which occurs in the 
fourth (the Sun), then the seventh (the Moon) ; and in this 
way the planets are encountered in the same order of succes- 



fifteenth century. The symbolizing habit of conaeerating 
certain metals to the plnnots belongs, undoubtedly, to the new 
Platonic doctrines of the Alesaudrinn school in the fifth cen- 



sion in which their names have been applied to the week- 
days." A commentary upon this passage is g-iven by Vin- 
cent, Sur les ManuscriU grain relative d la Muaique, 1847, 
p. 13S; compare also Lobeck, AglaophamuB, in Orph. p. 941— 
946). The second explanation of Dio Cassiua is borrowed 
from the periodical series of the planetary hours. " If," he 
adds, " the hours of the day and the night are counted from 
the first (hour of the day), and this ascribed to Saturn, the 
following to Jupiter, the third lo Mars, the fourth to the Sun, 
the fifth to Venus, the sixth to Mercury, the seventh to the 
Moon, always recommencing from the beginning ; it will be 
found, if all the twenty-four hours are gone through, that 
the first hour of the following day coincides with the Sun. the 
first of the third with the Moon ; in short, the firat hour of 
any one day coincides witli the planet after which the day is 
named." In the some way, Paulus Alexandrinus, an astro- 
nomical mathematician of the fourth century, calla the 
ruler of each week-day that planet whose name agrees with 
the first hour of the particular d;iy. 

These modes of explaining the names of week-days hare 
hitherto been Tcry generally considered as the more correct; 
butLetrotine entertains a third explanation, — the distribution 
of any three planets over a sign of the zodiac, — which he 
considers to be the most adequate, upon the evidence of the 
long-HP glee led zodiacal circle of Biauchini, preserved in the 
Louvre, to which I myself directed the attention of arehfco- 
logists in 1812. oit account of the remarkable combination 
of a Greek and Kirgisch -Tartar zodiac. ( Letronne, Observ. 
cril. et archiol. iur I'objet des representations zodiacales, 1824, 
pp. 97-99). This distribution of planets among the 86 decans 
of the Dodecatomeria is precisely that which Julius Pirmicus 
(ii. 4,) describes as " signorum decaai eorumque 
If those planets are separated, which in each of 
are the first of Uie tiiree, the succession of the 
days in the week is obtained. (Virgo: Sun, Venus, 
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tiiry, as is ascertained from passages in Proclus {ad Tim. 
ed. Basil, p. 14,) from Olympiodorus, as -well as by a 
late scholium to Findar, (Isthm. vol. ii). (Compare Olym- 

Mercury; Libra: Moon, Saturn, Jupiter; Scoi*pio: Mars, Sun, 

Venus ; Sagittarius : Mercury wliich may here serve as 

an example for the first four days of the week : Dies Solis, 
ZuTKs, Mar its, Mercurii). As, according to Diodorus, among 
the Chaldeans, the number of the planets (star-like) originally 
amounted only to five, and not seven, all the here-mentioned 
combinations in which more than five planets form periodical 
series, appear to be not of old Chaldean origin, but much 
rather to date from a subsequent astrological period. (Le- 
tronne, Sur I'origine du Zodiaque greCy 1840, p. 29.) 

With respect to the concordance of the arrangement of the 
planets as days of the week with their arrangement and dis- 
tribution among the decans in the zodiacal circle of Bian- 
chini, a brief explanation will, perhaps, be acceptable to some 
readers. If a letter is assigned to each cosmical body, in the 
order of succession adopted in antiquity (Saturn a, Jupiter 5, 
Mars c. Sun d, Venus c. Mercury y, Moon g,) and with these 
seven members the following periodical series are formed : — 

abed ^ f g^ abed,,.. 

there is obtained, 1st. by passing over two members of the 
distribution among the decans, each of which comprises three 
planets (the zodiacal sign of the first one giving, in each 
case, its name to the week-day), the new periodica series 

a d g ef b e, a d g c , , , , 

that is: — Dies Safurni, SoltSy Luna, Martis, and so on; 
2ndly. the same new series, — 

a d g c. . . , 

obtained by the method of Dio Cassius, according to which 
the successive week-days take their names from the planet 
which rules the first hour of the day : so that alternately a 
member of the periodical seven-membered planet-series is to 
be taken, and twenty-three members to be passed over. 
Now, it is immateriid in the case of a periodical series. 
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piod. Commerii. in Arinlot. Meteorol. cap. 7, 3 in Idelei's 
edition of the Mttereol. torn. ii. p. 163 ; also torn. i. pp. 199 

aad251.) 



whetber it is a certain number of membera which is pussed 
over, or whether it is this number increased by any mul- 
tiple of the number of members {in this case seven) of the 
period. Ity piiFsing over twenty-three (^3.7 + 2) mem- 
bers, according to the second method, that of the planetary 
hours, the same result is obtained as when the first method, 
that of the decaua is adopted, in which only two members 
are to be passed over. 

Attention has already been directed (Note 13) to the 
remarkable resemblance between the fourth day of the week, 
tiles Slerrurii, of the Indian Dudha-vara, and the old Snxon 
Wodänes-dag. (Jacob Grimm, Deiifsche Mythologit, 1844, 
Bd. i. p. B44.) The identity affirmed by Wilham Jones to 
exist between the founder of the Buddhist religion and the 
race of Odin or Wuotan, and Wotiin. famous in Northern 
heroic tales, as well its in the history of Northern oivilizalion, 
will, perhaps, gain more interest wheu it is called to mind 
that the name of Wotan is met with in a part of the new 
continent, as belonging to a half -mythical, half-historical per- 
sonage, concerning whom I have colieeted a great numboi' of 
notes in my work on the monuments and myths of the natives of 
America ( Vues des Cordillireaet ]\Jonuinenaäe»peiiples indighu* 
de I'Amirique. torn. i. pp. 208, and 382-384 : torn. ü. p. 336). 
Ihis American Wotan is, according to the traditions of the 
natives of Chinpa and Soconusco. the grandson of the man 
who saved his life in a boat during the great deluge, and 
renewed the homan race ; he eoraraenced the erection of largo 
buildings, during which time ensued a confusion of laiigaages, 
war, and dispersion of races, as in the erection of the Mexican 
pyramids of Cholula. His name was also transferred to the 
calendar of the natives of Chiapa, as was the name of Odtn 
in the north of Germany. One of the five-day periods — four 
of which formed the month of the people of Chiapa and the 
Aztecs — was named after him. While the names and signs of 
the days among the Aztecs were taken from animals end plants, 
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Although the number of the visible planets amounted, 
according to the earliest limitation, to five, and subsequently, 
by the addition of the large discs of the Sun and Moon, 

the natives of Chiapa (properly Teochiapan,) assigned to the 
days of the month the names of twenty chieftains who, coming 
from the north, had led them so far southwards. The names 
of the four most heroic, Wotan or Wodan, Lambat, Been, and 
Chinax, commenced the small periods of five-day weeks, as 
did the sjnnbols of the • four elements amono^ the Aztecs. 
"Wotan and the other chieftains indisputably belonged to the 
race of the Tolteks. who invaded the country in the seventh 
century. Ixtlilxochitl (his Christian name was Fernando de 
Alva) the first historian of his people, (the Aztecs,) says dis- 
tinctly, in the manuscripts which he completed as early as the 
beginning of the sixteenth century, that the province of 
Teochiapan and the whole of Guatemala were peopled by 
Tolteks, from one coast to the other ; indeed, in the beginning 
of the conquest of the Spaniards, a family was still living in 
the village Teopixca, who boasted of being descended from 
Wotan. The bishop of Chiapa, Francisco Nunez de la Vega, 
who presided over a provincial council in Guatemala, has in 
his Preamhulo de las Constituciones Diocesanas, collected a 
great deal of information respecting the American tradition 
of Wotan. It is also still very undecided whether the tra- 
dition of the first Scandinavian Odin (Odinn, Othinus) or 
Wuotan, who is said to have emigrated from the banks of the 
Don, has an historical foundation. (Jacob Grimm, Deutsche 
Mythologie^ Bd. i. pp. 120-150). The identity of the Ame- 
rican and Scandinavian Wotan, certainly not founded on mere 
resemblance of sound, is still quite as doubtful as the identity 
of Wuotan (Odinn) and Buddha, or that of the names of the 
founder of Buddhist religion and the planet Budha. 

The assumption of the existence of a seven-day Peruvian week, 
which is so often brought forward as a Semitic resemblance in 
the division of time in both continents, is founded upon a mere 
error, as has been already proved by Father Acosta, {Hist, 
natural y moral de las Indtas, 1591, lib. vi. cap. 3,) who visited 
Peru soon after the Spanish conquest; and the Inca, Gar- 
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increased to seven; eonjecturcB were prevalent, even in anti- 
quity, that beyond theae visible planets, there were yet other 
less luminoua, unseen planets. This opinion ia stated by 
Simplicius, to be Aristoteleaa, ''It is probable that 
such dark cosmieal bodies which revolve round the common 
centre, sometimes give rise to eclipses of the moon as well as 
the earth." Artenjidorus of Epliesus, whom Strabo often 
mentions Bn a geographer, believed in the existence of an 
unlimited number of such dark revolving coemicol bodies. 
The old ideal body, the anti-earth {ävTi'x^uiv) of the Pytha- 
goreans, does not belong to this class of conjectures. The 
earth and the anti-earth have a parallel concentric motion; 
and the anti-earth was conceived in order to avoid the assuntp- 
tion of the rotatary motion of the earth moving in a plane- 
tary manner round the central fire in twenty-four hours, cau 
scarcely be anything else than the opposite hemisphere — the 
imtipodean portion of our planet." 

from the 43 principal and secondarj- planets now 

iwn (a number six times greater than that of the planetnry 
known to the ancients) the 36 objects which have been 
ffiscovered since the invention of the telescope are chi-onolo- 
gically separated according to the succession of their disco- 
very, there is obtained for the seventeenth century, nine ; 
for the eighteenth century, also nine; and for the half of tliu 

leteenth century, eighteen newly discovered planets. 



de la Vega himself corrects his previous statement 
(parte i. lib. ii. c, 35.) by distinctly saying, there were three 
festivals in each of the months, which were reckoned after 
the moon, and that the people should work eight days und 
rest upon the ninth (parte i. lib. vi. cap. 23). The so-called 
Peruvian weeks, therefore, consisted of nine days. (8ce mj* 
Vues rffls Cordillhes, torn. i. p. 341-343). 
'» Bockh, über Phihlaus, p. 102 and 117. 

Ot. IT. K 
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Sequence of the plane taty discoveries (of principal and secon» 
dary planets) since the inv^^tion of the telescope in the 
year 1608. 

A. The Seventeenth Century. 

Four satellites of Jupiter: Simon Marius, at Ansbach^ Decem- 
ber 29, 1609; Galileo, January 7, 1610, at Padua. 

Triple configuration of Satubk: Qalileo, November, 1610; 
Hevelius, hypothesis of two lateral bars, 1656; Huygeos» 
final discovery of the true form of the ring, December 7, 
1657. 

The sixth satellite of Saturn (Titan): Huygens, March 25, 

- 1655. 

The eighth satellite of Saturn (the outermost, Japetus): 
Domin. Cassini, October, 1671. 

The fifth satellite of Saturn (Khea) : Cassini, December 23, 
1672. 

The third and fourth satellites of Saturn (Tethys and Dione): 
Cassini, end of March, 1684. 

B. The Eighteenth Century. 

Ubanus: William Herschel, May 13, 1781, at Bath. 

The second and fourth satellites of Uranus : William Herschel, 

January 11, 1787. 
The first satellite of Saturn (Mimas): William Herschel, 

August 28, 1789. 
The second satellite of Saturn (Enceladus) : William Herschel, 

September 17, 1789. 
The first satellite of Uranus : William Herschel, January 18, 

1790. 
The fifth satellite of Uranus: William Herschel, Febmaiy 9, 

1790. 
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e sixth satellite of Uranus : William Herecbel, February 28, 

1794. 
e third satellite of Uranus: William Herachel, March 26, 

1794. 

C. The Nineteenth Century, 
Cekes*: Piazid, at Palermo, January 1, 1801. 
pALLis*: Olbera, at Bremen, March 28. 1802, 
Juno*: Harding, at Lilienthal, September 1, 1804, 
V£STA*: Olbers, at Bremen, March 29, 1807. 

(During 38 years no planetary discoveries were made). 
Ä8TÄEA*: Hencke, at Driesen, December 8, 1845, 
[bptome: Galle, at Berlin, September 23, 1846. 

first Batellite of Neptune: W. LasBell, at Starfield, near 

Liverpool, November, 1846; Bond, at Cambridge (U. S.), 
Hebe*: Henoke, at Driesen, July 1, 1847. 
Ikis*: Hind, in London, August 13, 1847, 
FioKA*: Ilind, in London, October 18, 1847, 
Metis*: Graham, at Markree-Castle, April 25, 1848. 
The seventh satellite of Saturn (Hyperion): Bond, at Cam- 

bridge (U. 8.), September 16-19; Lassell, at Liverpool, 

September 19-20, 1848. 
Hyoeia.*: De Gasparia, at Naples, April 12, 1849, 
PiBiHENOPB*: De Gasparia, at Naples, May 11, 1850, 
The second satelhte of Neptune : LasseU, at LiTerpool, August 

14, 1850. 
ViCTOKiA*: Hind, in London, September 13, 1860, 
EoKBiA*: De Gasparis, at Naples, Novembei- 2, 1850. 
Ibene*: Hind, in London, May 19, 1851; and De Gaaporis, 

at Naples, May 23, 1851. 

In this chronological summary," the principal planets are 

" In. the history of the discoveries, it is necessaiy to dig- 
it between tiie epoch at vrhioh the discovery waa made, 
S 2 
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dietinguislied from the Becosdary planets, or Batellitea, by 
lai^r tj^je. Some bodies are included in the class of prin- 
cipal planets, which form a peculiar and very extended group, 
forming, as it were, a ring of 132 millions of geographical 
miles, situated between Mars and Jupiter, and are generally- 
called small planets, as well aa telescopic planets, co-planets, 
asteroids, or planetoids. Of these. 4 were discovered in j 
the first seven years of this century, and 10 during the last ' 
six years; which latter circumstance is to be attributed less ' 
to the perfection of the telescopes, than the industry and 
dexterity of the investigators, and espeeially the improved 
cbarcs, enlarged by additions of fixed stars of the ninth and ■ 
tenth magnitudes. It is now more easy to distinguish j 
between moving cosmical bodies and fixed. (See Cosmos, vol. I 
iii. p. 155.) 1 

llie number of the principal planets has been exactly 
doubled since the first volume of Cosmos appeared," so 
excessively rapid is the succession of discoveries, the exten- 
sion and perfection of the topography of the planclary system. 

2. Classißcaiiüit of the planets in two groups. — If tbe region 

and the time of its first announcement. In consequence of 
n n^lect of this distinction, dissimilar and erroneous dates 
have been introduced into astrouomical manuals. So, fi» 
example, Huygens discovered the sixth satellite of Satim 
(Titan) on March 25, 1655 {Hnygenü Opera varta, 173^ 
p. 523). and did not announce it until March 5, 1656 (ßjit- 
lema Saftimitim, 1659. p. 2). Huygens, wbodevoted bimsdf • 
uninterruptedly from March, 1655, to the study of Satuni, 
httd already obtained the full and indubitable view of tbo 
open ring on December 17, 1857. {Si/slema Satumium,^ 
21), but did not publish his scientific explanation of äl 
the phenomena until the year 1659. (Galileo had tbou^t 
that ue saw. on each side of the planet, only two projeoting 
clrcnlar di«cs.) 

" Cosmos, vol. i. p. 76. Compare also Eneke in Sehyt- 
machtr's Aitron. Nachr., vol. xxvi. 1848, No. 622, p. 347. 
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of small planets situaled it. 
of Mars and Jupiter 
IB considered as a separating zone, — as it were an inter- ~ 
mediate group; — then, as has already been remarked, those 
plaiietB which are nearest to the sun, the interior (Mercury, 
Venus, the Earth, and Mars) present several resemblanccB 
among each other, and contrasts with the exterior planet« 
(Jupiter, Saturn, Uranus, and Neptune), or those which are 
more remote from the sun, beyond this separating zone. 
Of these three groups, the intermediate one occupies a space 
scarcely equal to half the distence of the orbit of Mars from 
that of Jupiter. Of the space between the two great princi- 
pal planets, Mars and Jupiter, that part which is nearest to 
"iisxs b, as far as has hitherto been observed, the most closely 
filled; for if, in the zone which the asteroids occupy, the two 
outermost, Flora and Hygeia, are examined, it will be found 
that Jupiter is more than three times further from Hygeia 
than Flora is from Mars. The most distinctive features of 
thin intermediate group of planets, ore the great incUnation. 
and eccentricity of their interlacing orbits; and the extreme 
fitnallness of the planets. The inclination of the orbits to- 
jwards the ecliptic increases iu that of Juno to 13° 3', i 
of Hebe even to 14° 47', of Egcria te 16" 33', of Pai 
even to 34° 37'; while in the same intermediate | 
it falls as low, in the orbit of Astrea, aa 5° 19', in that ' 
of Parthenope to 4° 37', and that of Hygeia to 3° 47'. ITie 
whole of the orbits of the small planets having inclinations 
smaller than 7% are, to go from the large to the email, those 
of Flora, Metis, Iris, Astrea, Parthenope, and Hygeia. 
Nevertheless, none of these orbits attain such a small degree 
of inclination as those of Venus, Saturn, Mars, Neptui 
Jupiter, and Uranus. The eccentricities partly exceed c 
that of .Mercury (0-206); for Juno. Pallas, Iris, and Vic 
^ve 0'255, 0-239, 0232, and 0'218; while Ceres (O-orflj 
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^H Egeria (0'086), and Vesta, (0-089) have orbits less eccentric 
^^H than Mors (0'093), without, however, uttaining to the approxi- 
^^^ mative circular orbits of the other planets (Jupiter, Saturn, 
^^H and TJronua). The diameter of the telescopic planets is inunea- 
^^H gurably small; and according to observations mode by Lamont 
^^H in Munich, and Madlcr with the Dorpat refractor, it is 
^^H probable that the largest of the small planetfi is at the utmost 
^^^ only 143 geographical miles in diameter; that is, -^ ofthat ot 
^^H Uercury, ^ that of the earth. 

^^H If the 4 planets nearest to the sun, situated between the 

^^H ring of the asteroids (the smnll planets) and the eentrat body, 
^^B are called interior planets, they will all agree in presenting a 
moderate size, a greater density less flattened at the poles, 
and at the same time rotating slowly round their aies (in 
periods of rotation of nearly 24 hours), and with the excep- 
tion of one (the earth) without moons. On the contrary! 
the 4 exterior planets, those which are more remote from the 

rsun, situated between the ring of asteroids, and the. to 08, 
unknown limits of the soiar system (Jupiter, Saturn, Uranitf, 
and Neptune) are considerably larger, five times less dense, 
their asial rotation more than twice as rapid, and their number 
of moons greater in the proportion of 20 to 1. The inttrit» 
planets arc all smaller than the earth (Mercury and Man 
^ and I smaller in diameter); the esterior planets, on the 
contrary, arc from 4'2 to 11'2 latter than the Earth. Tba 
density of the Earth being taken as ^ 1, the densities of 
Tenus and Mara are the same to within less than ^,-: thedensily 
of Mercury is also but very little more, according to Encke'o 
determination of his moea. On the contrary. none of theesterior 
planets esceed in density ^; Saturn, indeed, is only -}, almost 
only half the density of the other exterior planets and the sun. 
The exterior planets present the solitary phenomenon of th* 
vhole solar system, the wonderful circumstance of one of ita 
principal planets being surrounded by an imattached ringi 



also atmospheres which, in consequence of the peculiEtrlty of 
their condensation, appear to ub variable; in Saturn, indeed, 
fiometimeH as interrupted bands. 

Although in the important classification of the planets into 
two groups of interior and exterior planets, the general cha- 
racters of absolute magnitude, density, flattening at the 
poles, Telocity of rotation, absence of moons, present them- 
eelves as dependent upon the distances, i. f., from their semi- 
orbital axes, this dependeace cannot be aiBrmed of each 
one of these groups. Up to the present time we are igno- 
rant, as I have already remarked, of any internal necessity, 
any mechanical law of nature, which (like the beautiful law 
which connects the square of the periods of revolution with 
the cube of the major axes) represents the above-named 
elements of the order of succesaion of the individual planet- 
ary bodies of each group, in their dependence upon the 
distances. AJthough the planet which is nearest to the aim 
(Mercury) is the densest, even six or eight times denser than 
some of the exterior planets, Jupiter, Saturn. Uranus, and 
Neptune, the order of succession, in the case of Venus, the 
Earth, and Mars, or Jupiter, Saturn, and Uranus, is very 
irregular. The absolute magnitudes do generally, as Kepler 
has already observed {Harmonice Muncii, vol. iv. p, 194; 
Ckwnos, vol. i. pp. 77-82), increase with the distances ; but 
this does not hold good when the planets are considered indi- 
vidually. Mars is smaller than the Earth, Uranus smaller 
than Saturn, Saturn smaller than Jupiter, and succeed« 
immediately to a host of planets, which, on account of their 
mnaUuess, are almost immeasurable. It is true the period of 
rotation generally increases with the distance from the sun; 
but it is, in the case of Mars, slower than in that of the Eaith. 
slower in Saturn than in Jupiter. 

The external world of forms, I again repeat it, can only be 
resented in the enumeration of relations of space, as si 
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thing actually esisting in nature; and not aa the Bubjeet of 
intellectual deductions of previously known cauaal relations. 
No imiversal law for the cosmical regions is here traced, any 
more than for terrestrial regions in the culminating points of 
mountain-chaina, or in the configuration of continents. These 
are natural facts which have resulted from the conflict at 
numorouB attractive and repulsive forces, under conditions 
which are unknown to us. We here enter with eager and 
unsatisfied curiosity upon the obscure domain of incipient 
formation. It is to these phenomena that the so-frequently 
misused term of natural fads may be applied in its strictest 
sense, cosmical processes which have taken place during spaces 
of time of, to us, immeasurable estent. If the planets have 
been formed from revolving rings of nebulous matter, it must, 
after having commenced to aggregate into globes, according 
to the preponderating influence of individual centres of attrac- 
tion, have passed through an interminable aeries of conditions 
in order to have formed sometimes simple, sometimes inter- 
woven orbits, planets of such difiercnt magnitudes, Datteningr 
and density, with and without moons, and even in one case 
to blend the satellites into a solid ring. The present form of 
things, and the exact numerical determinations of their 
relations, has not hitherto been able to lead us to a knowledge 
of the past states, or a clear insight into the conditions under 
which they originated. These conditions must not. however, 
on that account be called accidental, as men call everything 
whose genetic organ they are not able to explain. 

3. Aisoliiie and apparent magniiude; C'onfiguralion.-^^Dx'b 
diameter of the largest of all the planets (Jupiter) is 30 times 
as great as the diameter of the smallest of those which hare 
been determined with certainty (Mercury); nearly 11 times 
as great as the diameter of the Earth. Very nearly the same 
relation obtains between Jupiter and the Sun. Their diame- 
ters are nearly aa 1 to 10. It has been asserted, perhaps 
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meously, that the diäereuce in size of the meteoric staoes, 
there is a tendency to consider as small planetary 
Ixidies, from Vesta, which, according to a measurement by 
Uadler, is 66 geographical miles in diameter, therefore 80 
miles less than the diameter of Pallas according to Lamont, 
is not greater than the difference between Vesia and the Sun. 
According to these relations, there must bo meteoric stones 
of 5i7 feet in diameter. Fire-balls certainly Lave, while 
they retain a disc-like appearance, a. diameter amounting to 
2,600 feet. 

The dependence of the flattening at the poles upon the 
Telocity of rotation, appears most strikingly in the compa- 
rieon of the Korth as a planet of the interior group (Rot. 
23' S6'., Flattening -gvi) ^'^h the esterioi planet Jupiter 
(Rot. 9** 53', Flattening, according to Arago, ^'y, according to 
John Herschel j^J, and Saturn (Rot. 10'' 29', Flattening Jj.) 
But Mars, whose rotation is still 41 minutes slower than 
the rotation of the Earth, has, even when a much smaller 
result is assumed than that of William Herschel, very pro- 
bably a much greater flattening. Does the reason of this 
anomaly, inasmuoh as the tigure of the surface of an (.'Uiptieol 
spheroid ought to correspond with the Telocity of rutiLtion, 
consist in the difference of the law of the increasing densi^ 
towards the centre of the superincumbent strata? or in 
ttie circumstance that the Hquid surface of some planets was 
Bolidifled before they could assume the figure appertaining to 
their Telocity of rotation ? Ttie important phenomena of the 
backward motion of the equinoctial points or the apparent 
itdvance of the stars (precession), that of nutation (oseillatiou 
tA the earth's axis), and the variation of the inclination 
«i the ecliptic, depend, as theoretical astronomy proves, 
upon the configuration. 

The absolute magnitudes of the planets, and their distance 
the earth, determine their apparent diameter. W(v 
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have, therefore, to arrange the planets according to their 

absolute (actual) magnitudes, proceeding from the larger to 

the smaller : 

The small planets with inyolyed orbits, of which the 

largest appears to be Pallas and Vesta :— 

Mercury, Neptune, 

Mars, Uranus, 

Venus, Saturn, 

Earth, Jupiter. 

* 

The apparent equatorial diameter of Jupiter, at a mean 

distance from the earth, is 38'''4, while that of Venus, which 

is nearly equal in magnitude to the Earth, is only l&^'d; 

that of Mars 6"'S. But the apparent diameter of the disc of 

Venus increases in the inferior conjunction to 62", while that ci 

Jupiter attains only an increase to 46". It is necessary to 

call to mind in this place that the point of the orbit of Venut 

at which it appears to us with the brightest light, £älk 

between the inferior conjunction and her greatest digression 

from the sun, because in that position the small luminoua 

crescent gives the most intense light, on account of its greatest 

proximity to the Earth. Upon the average, Venus appears 

the most beautifully luminous, even casting shadows in the 

absence of the sun, when at a distance of 40° east or west 

from the sun; the apparent diameter then amounts to only 4(r» 

and the greatest width of the illuminated phase is scarcely 10*, 

Apparent Diameter of Seven Planets, 
Mercury at a mean distance 6'' 7 (oscillates from 4'''4 to 12^) 
Venus „ „ 

Mars „ „ 

Jupiter „ „ 

Saturn 
Uranus 
Neptune «, 
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I The Toliimes of the phaets L 

Mercury as 

Venus 

Earth 

Saturn 
Uranus 
Neptune 
the Tolume of the Sun is to that of the Earth = 
7124 : 1. Small alterations in the meaBurements of the 
diameters increase the data of volumes id the ratio of their 

The moving planets which agreeably enliven the aspect of 
the heavens, influence us simultaneously by the maj^itudea 
of their discs and their proximity, by the colour of their 
light, by scintillation, — whicli is not entirely wanting to some 
planets, in certain positions — and by the peculiarity with 
which their different surfaces reflect the Sun's light. Whe- 
ther afeeble evolution of light from the planets themselves 
modifies the intensity and properties of their light, is a 
problem which still remains to be solved. 

4. Arrangement of the Planets and their Distances from 
the Sun. — In order to form a general conception of the 
planetary system as a whole, so far as it is yet known, and 
to represent it in its mean distances from the central body, 
the Sun, the following table is given, in which, as has always 
been the custom in astronomy, the mean distance of the 
Earth from the Sun (20682000 geographical miles) is taken as 
unity. The greatest and smallest distances of the individual 
planets from the Sun in aphelion and perihelion, — according 
as the planet is situated in the ellipse whose focus is occupied 
by the Sun, at that point of the major axis (line of apsides) 
rhichis the farthest from or nearest to the focus, — will be 
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added afterwards when treating of the planets individually. By 
the mean distance from the Sun, of which alone mention will 
be made in this place, is to be understood the mean of the 
greatest and smallest distance, or the half major axis of the 
planet's orbit. It must also be observed, that the numerical 
data employed, both previously and hereafter, are for the 
most part taken from Hansen's careful classification of the 
planetary elements in Schumacher's Jahrbuch for 1837. 
Where the data refer to time, they are, in the case of the 
older and larger planets, for the year 1800 ; but in the case 
of Neptune, for the year 1851, by the aid of the Berlin astro^ 
nomischen Jahrbuch of 18*53. The comparison of the small 
t>lanets occurring afterwards, and for which I am indebted to 
Dr. Galle, refers exclusively to more recent epochs. 

Distances of the Planets from the Sun» 

Mercury 0*38709 

Venus 0-72333 

Earth 1-00000 

Mars 1-52369 



Small Planets, 


Flora ... 




2-202 


Victoria 




2-335 


Vesta ... 




2'362 


Iris 




2-385 


Metis ... 




2-386 


Hebe ... 




2-425 


Parthenope 




2-448 


Irene ... 




2-553 


Astrea «.. 




2-577 


Egeria ... 




2-579 


Juno ... 




2-669 


Ceres ... 




2-768 


Pallas ... 




1-773 


Hygeia... 




8-151 
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Jupiter ... 

Saturn ... 
Uranus ... 



5-20277 
9-53885 

19-18239 



The simple observation of rapidly diminishing periods of 
revolution, from those of Saturn und Jupiter to Mara and 
Venus, led, at a very early time, under the assumption thai 
the planets were attached to movable spheres, to conjectures 
as to the distances of these spheres from each other. As 
V-tiierc arc no traces of methodically- instituted observations 
^nd measurements to be found among the Greeks before the 
time of Aristarchua of Snmos, and the establishment of the 
Alexandriaian ISIuseum, a great difference arose in the hypo- 
theses as to the arrangement of the planets and their relative 
distances; whether aecording to the most prevailing system, 
with reference to their distances from the Earth as the fixed 
centre ; or, as among the Pythagoreans, with reference to the 
distances from the focus of the universe. The principal 
subject on which there was a discrepancy of opinion was the 
position of the Sun, that is, its relative situation iu reference 
to the inferior planets and the Moon." The Pythagoreans, 
who considered num&m- to be the source of all knowledge, 
the real essence of all existing things, applied their tlicory 
of cumbers, the alUblending doctrine of numerical relations. 
to the geometrical consideration of the five regular bodies. 
to the musical intervals of tone which determine accord, anil 
form different kinds of sounds, and even to the system 

r w Bockh, rfe Platonico Syat. p. xxiv. and in Philolaos. 

"p. 100. The succession of the planets which, as we have 
just seen (Note 14), gave rise to the naming of the week-days 
afYer the planetary deities, that of Geminus, is distinctly called 
the oldest by PtolemieuB. {Almag. si. cap. i.) He blames 
the motives from which " the modems Mve placed Venus 
and Mercury beyond the Sun." 
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of the universe itself, supposing that the moving, and, as it 
were, Tibrating planeta, exciting Bouad.wavcB, must produce 
a spheral music, according to the harmonic relations of their 
intervals of space. " This music," they add, " would be per- 
ceived by the human ear if it was not rendered insensible by 
extreme familiarity, as it is perpetual, and men are accus- 
tomed to it from childhood." " The harmonic part of tiie 
Pythagorean doctrine of numherB thus became connected with 
the figurative representation of the Cosmos precisely in the 
Platonic Timaius; for "cosmogony is to Plato the work 
of the union of opposite first causes, brought about by har- 
mony." " He attempted, moreover, to illustrate the touas 
of the universe in an agreeable picture, by attributing to 
each of the planetary spheres a syren, who, supported by the 
stem daughters of Necessity, the three Fates, maintain Üie 
eternal revolution of the world's axis."" Such a represrai- 
tation of the Syrens, in whose place the Muses are Gometimes 
substituted, as the choir of heaven, has been, in many cases. 



" The Pythagoreans affirm, in order to justify the reality 
of the tones produced by the revolution of the spheres, üät 
hearing takes place oalj^ where there is an alternation of 
Bound and silence. Anstot. dc Cteh, ii. 9, p. 290, Xo. 
24-30, Bekker. The inaudibility of the spheral musio is 
also accounted for by its overpowering the senses. Cicero, 
de Rtp. vi. 18. Aristotle himself calls the Pythagorean 
tone-myth pleasing and ingenious, (co/i^ü« Kai rc/urrü«,) but 
untrue. (I. c. no. 12-I5-) 

" Bockh in PhUolaus, p. 90. 

" Plato, rfeÄep«Ji,"ea,x,p.617. {Davit' Trunalation. Bohn's 
Class. Lib. p. 307.) He estimates the planetary distances ac- 
ording to two entirely difibrent progressions, one by doubling, 
the other by tripling, from which results the series, 1.2.3, 4. 
9. 8, 27. It is the some series which is found in the Timtemi, 
where the subject of thearithmeticaldivision of the world—spirit, 
(p.35,Steph.,fla«M'7r(WM. Bohn's C2om. ii*,) which Demiur- 
gus propounds, is treated of. Plato had, indeed, considered 
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L down to us in antique monuments, especially in 
1 fltonea. Mention is constantly made of the harmony 
df lie Bpherös, although generally reproachfuUy, thioughout 
the writings of ChriBtiaa antiquity, and all those of the 
middle agea, from Basil the Great to Thomas Aquinas and 
f etrua Allincus.'^ 

At the close of the sisteenth century, all the Pythagorean 
and. Platonic views of the S3*sterQ of the universe were again 
reanimated in the person of the imaginative Kepler. He, in 
the first instance, constructed the planetary system in the 
Myiteriufn Cosmographicum, in accordance with the prin- 
ciple of the five regular solids, which may be imagined as 
situated between the planetary spheres, then in the Uarmonice 
Mundi, according to the intervals of tone.'' Convinced of 
the regularity of the relative distances of the planets, he 

the two geometrical progressions, I, 2. 4. 8 and 1. 3. 9. 27 
together, and thus alternately taken each successive number 
from one of the two seriee, whence resulted the above-men- 
tioned succession 1, 2. 3. 4, 9 Compare Böckh in the 

Studien von Daub utid Oreteter, bd. iii. pp. 34-43 ; Martin, 
Etudei lur h Timie, torn. i. p. 384, and tom. ii. p. 64. 
/Compare also Prevost, Sur I'Ame d'apres Platon, in the 
Mim. del'Acud. de Berlin for 1Ö02, pp. 90 and 97; the same 
in the BibUothcque Briiannigae, Sciences el Arts. tom. xxxyii, 
1108, p. 153. 

" See the acute work of Professor Ferdinand Piper, Yott 
der Harmonie der Sphären, 1850, pp, 12-18. The sup- 
posed relation of the seven vowels of the old Egyptian lan- 
guage to the seven planets, and Gustav Seyfiarth's concep- 
tion, already disproved by Zocga's and Tölken's investigations, 
of the astrological hymns, rich in vowels, of the Egyptian 
priests, according to passages of Pseudo-Demetrius PhaJiereus 
(perhaps Demetrius of Alexandria,) an epigram of Eusebius, 
and a Gnostic manuscript in Leyden, have been minutely 
treated of with critical erudition by the younger Ideler, 
{Bermapimit 1841, pars L pp. 198-214). Compare also 

^^^Xobeck, Aglaoph. tom. ii. p. 932. 

^^E^ *> On the gradual development of the musical ideas of 
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believed tbat he bad solved the problem by a happy com- 
bination of bis earlier and later views. It is extremely 
remarlcable tbat Tycho Brabe, who in other respects is found 

to be so atrictly attached to actual observation, bad already 
expressed the opinion (controverted by Rothman), that the re- 
volving cosmical bodies were capable of vibrating the celestial 
air (what we now eall resiating medium,) bo as to prodnce 
tones.** But the analogies between the relations of tone and 
the distances of the planets, which Kepler so long and labo- 
riously endeavoured to trace out, remained, in his opinion, as 
it appears to me, entirely with the domain of abstract specu- 
lation. He congratulated himself upon having, to the greater 
glorification of the Creator, discovered musical relations of 
number in the relations of cosmical space ; as if in poetie 
enthusiasm, he makes "Venus, together with the Earth, sound 
sharp in aphelion and flat in perihelion ; the highest tone 
of Jupiter and that of Venus must coincide in flat accord," 
In spile of these merely symbolical expressions, so frefjuently 
employed, Kepler says positively : — " Jam soni in ciclo nnlli 
eiistunt, nee tam turbulentus est motus, ut ex attritu aunt 
cteleatit eliciatur stridor.* {Ilarmonice Mandi, lib. v, cap. 4.) 
The thin and clear celestial air (aura ccclesUs) is also m.ea- 
tioncd here again. 

The comparative consideration of the planetary intervals 
with the regular bodies which would fill these intervals, 
encouraged Kepler to extend his hypothesis even so far as the 
region of fixed Biars." The circumstance which on the occ&- 

Keplcr, vide Apelt's Commentary of the Harmmice Afttiuii, 
in his work ; Johann Kepplers U'eKanticht. 1849. p. 7f>-116. 
(Compare also Delambre, Hut. de F Astronom. Mod. torn. i. 
pp. 352-360.) 

"• Cosmos, vol. ii. p. 697. 

* Now there are no such things as sounds among the 
heavenly bodies, nor is their motion so lurbtdent, as to elicit 

ise from the attrition of the celestial air. 

* Tycho h.id denied the exi=lenfo of the erv^tnlütic 
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fiion of the disoorery of Ceres, and the other so-called small 
planets, first forcibly recalled to mind Kepler's Pythagorean 
at^timents, was his almost for^tten conjecture as to the pro- 
bable eristence of a yet unseen planet in the great planelUn 
chasm hetween Mart and Jupiter. (" Motus semper distan- 
tiatn pone sequi videtur; atque ubi magnus hiatus erat inter 
orbes, erat et inter mutus.''*) " I have become more daring," 
ho gays, in the introduction to the Mgsleriura Cosmoifrap/iicmn 
" and place a new planet between Jupiter and Mars, as also {a 
conjecture which was less fortunate, and remained long unno- 
ticed,'') another planet between Venus and Mercury ; neither 



spheres, in which the planets were supposed to be fised, 
Kepler praised the undertaking, but he still adhered to the 
opinion that the sphere of fixed sturs was a solid globular shell 
of tvro German miles in thickness, upon which are the twelve 
used Etai'B, which are all situated at equal distances from us, 
and have a peculiar relation to the corners of an icosahedron. 
The fixed stars '■ lamiua sun ab intus emittunt;" " emit light 
from their own bodies;" he al<<o considered for a. long time 
that the planets were self-lumiuoua, until Galileo taught him 
better '. Although he, like many other of the ancients and 
Giordano Brauo. considered the fised stars to be sans like 
our own, still he was not much inclined to entertain the 
opinion, which he had well considered, that all fixed stars are 
surrounded by planets, as I had formerly stated him to be. 
(Cosmos,vol. ii, p. 711.) Compare Apelt. Commentary to the 
Hartnonice, pp. 21-24. 

* " There seems to he always a close relation between the 
motion and the distance [uf the pliinets]; that is to aay. 
where there is a great interval between their orbs, the same 
exists also between their motions." 

" It was not unlit the year 1821 that Delambre, in the 
Uial. de I' Astron. Mod. torn. i. p. 314, directed attention to 
the planets which Kepler conjectured to lie between Mercury 
and Venus, in the extracts which are complete with regard 
to astronomy, but not witli regard to astrology, from Kepler's 
collected works (pp. 314-615). ^-On n'a fait aucune attention 
ä Celle supposition de Kepler, quand on a form& des projeta 

VOX, IT. I, 
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of these have been seen, probably on account of their extreme 
emaUnesB." Kepler subBequently found that he did not 
require these new planets for hia aolar System founded npon 

de decouvrir la planete qui (selon une autre de ces predic- 
tionB) devait circuler eutre Mars et Jupiter." " No attention 
wa§ paid to that sup(>osition of Kepler's, when projects were ; 
formed for discovering the planet which (according to another | 
of his predictions) ought to revolve between Mars and Jupiter," ' 
" The remarkable passage respecting a gpoce to be oiled ' 
up between Mars and Jupiter [hiatuBj is in Kepler 'a Pro- 
^vmv* Disserlalionum cos-mographicamm, coniinena Myt- 
lermm cotmographicmn de admirahili proportione orbivM 
calestium, 1596, p. 7: — "Cum igitur hac non succed^ret, i 
alia via, mirum quam audaci. tentavi aditum. Inter Jovem I 
et Martern intcrposui novum planetam, itenique ahum int^ I 
Venerem et Mercurium. quos duos forte ob exilitatem mm I 
videamua, iisque sua tempera periodica aseripsi. Sic entm j 
eiistimabam me aliquam tequQlitatem proportionum efieC- I 
turum, qua; proportiones inter binos versus Solem ordine J 
jninuerentur, versus fixas augescerent ; ut propior eat Tern \ 
Veneri quantitate orbis terrestris, quam Mara Terrffi, iit ( 
quftutitate orbis Martia. Verum hoc pacto neque imim I 
planetie interpositio sufficiebat ingenli hiatu, Jovem inter et 
Martern ; manebat enim major Joyob ad ilium novum pro« 
portio, quam est Saturn i ad Jovem. Kursus alio mode I 
cxplomvi." " When this pinn therefore foiled, I tried to reach M 
my aim in another way. of, I must confess, singular bolduesB. I 
Between Jupiier and Mars I interposed a new planet, and 1 
another also between Venus and Mercury, both which it ia ' 
possible are not visible on account of their minuteness, and I ' 
assigned to them their respeetive periods. For in this way , 
I thought that I might in some degree equalize their mtiotL 
which ratios regularly diminished towards the Sun, enlarged ' 
towards the fixed stars ; us the Earth is nearer to Venna 
than Mara is to the Kartb. But even in this way tlie intra- ■ 
position of one planet did not supply the great chasm betwctn ■ 
Jupiter and Mars, for the ratio between Jupiter and tfttl 
Eupposed new planet still remained greater than betmOL ■ 
Saturn and Jupiter. Again I tiied in another way." Kepler ■ 
was tweiity-6sc years of ago when he wrote this. It »^ f 
be seen how his restless miud formed hypotheses, and again i 
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the properties of tlie regular solids ; it was only ne 
modify tbe distances of the old pl^mets a little arbiträr 
('* Non reperies novoa et incogoitos planetas, ut puulo 
inteipositoa, noD ea mihi probatur audacia ; sed illoa vetcres 
panim admodum luxalo»."* — Mi/it. Counogr. p. 10.) The 
ideal tendencies of Kepler vere eo aualt^ous to those of the 
Pythagorean school, and still more to those of Plato expressed 
in the Tim<tus,\ that in the same way as Plato ( Cratyl. p. 409) 
assumed, in addition to the differences of tone in the planetary 
spheres, those of colour, Kepler likewise instituted some 
experiments {Astron. Opt. cap. 6, p. 261) for the purpose of 
detecting the colours of the planets. Even the great Newton, 
always so precise in his conclusions, was inclined, as Prerost 
has already remarked {Mim. de VAead. de Berlin, for 1802, 
pp. TT and 93) to reduce the dimensions of the seven colours 
of the spectrum to the diatonic scale.°° 



quickly forsook them, to deceive himself with others. He 
always retained a hopeful faith in being able to discover 
muneiical laws where matter had aggregated under the 
manifold disturbances of attractive forces, (disturbances whose 
eombinations are incalculable, as are so many past erenla 
and formations on account of our ignorance of the accom- 
pasjing conditions) ag^'gated into globes, levolviiie in 
orbits, sometimes simple and almost parallel, sometimes 
grouped together and surprisingly complicated. 

* '" You will not find new and unknown planets, as I said 
before; that boldness I do not approve of; but you will find 
the old ones a httle altered in pusition.'' 

■f- Plalo'a Works translaUd, vol. ii. Eohn's Classical Library. 

" Newtoiii Opuscula Malhemalica, Piulosophica el Phiio- 
ioffiea, 1744, torn. ii. Opusc. xviii. p. 246: — " Chordam 
musice divisam potius adliibiii. tion tantum quod cum phai- 
nominis (lucis) optime convenit, sed quod fortasse. ahquid 
circa eolorum harmoniaa (qiiarum pictores non pcnitus ignari 
sunt), so no rum concordantiis fortasse analogas. in vol vat. 
[jKemadmodum verisimilius videbiiur animadvertenti afflij^ 
I, quffl est inter extimam Purpuram (Violarum colore' 



The hypothesis of yet unknown members of the planetaty 
fieries, calls to mind the opinion of Hellenic antiquity, that 
there were far more than five planets ; these were, indeed, aß ] 
that had been observed, but many others might remain unseen, I 
on account of the feebleness of their light and their position. 1 
Such a doctrine was especially attributed to Artemidorus of 
EpheauB," Another old Ilelleiiic, and perhaps even Egyptian 
belief appears to bare been, that " the celestial bodies which 
we now see, were not all visible in earlier times." Connected 
with such a physical or much rather historical myth, is the 
remarkable form of the praise of a high antiquity whidi 
Bome races ascribed to themselves. 

Thus the pre-Hellenic Pelasgian inhabitants of Arcadia 
called themHClvcs Froselenes; because they boasted that they 
came into the country before the Moon accompanied the 
Earth. Pre-Hellenic and pre-lunarian were aynonymouB, 
The appearance of a star was represented as a celestial event, 
as the Deucalionic flood was a terrestrial event. Apuleiui 
(^Apologia, vol, ii. p. 494, ed. Oudendorp ; Cosmos, toI. ii. 

ac Rubedincra, colonim extremitates, qualis inter octayn 
temiinos (qui pro nnisonis quodammodo habcri possn^) 

reperitnr." " 1 preferred employing the divisions of tlie a 

musical chord, not only because tbey harmonize best 'Wtft j 

the phenomena [of lightl. but because it is possible tlieM \ 

may be some latent analogy between the liarmonies of colouxB \ 
(with which painters are not altogether unacquainted) and 

the concords of sounds. This will appear more probable to i 

any one who shall notice the sirailari^ of relations between ' 

violet and red, the e.ttreme colours [on the spectrum], oad ' 

the highest and lowest notes of the octave, which somehow ^ 

may be considered as in unison." Compare also Prevost, iB 1 

the Mhn. de I'Acad. de Berlin, for 1802. pp. 77 and 93. I 

* Seneca, JVai. Quast. VII. 13: — " Non has tantum atellw ] 
qninque discurrere. sed solas observatas esse : eeterum innit- 

merabilea ferri per occultum." "Not that these five stsa h 

only moved, but that they only had been obsei'ved. for a. i 

countless ntmiber ore bome along beyond the reach of vision." ^ 



, 557, note,) extends the flood as far as the Gatuleon 
Biountams of Nortbetn Africa. Apollonlus Rhodius, who 
' Itccording to Alexaodriaa custom, was fond of imitating old 
modob. speaks of the early colonization of the Egyptians in 
the Talley of the Nile : " the stars did not yet revolve in the 
lieavens ; nor had the Daaaides yet appeared, or the rnco 
■of Deucalion." " This important passage explains the praise 
■of the PeliiBgian Arcadia. 

" Since the explanations which Heyne has given of the 
origin of the ostronomieal myth of the Proselenes. so widely 
diSiised in antiquity {De Arcadihus Luna Antiquioribxis, in 
(}pusc. Acad. vol. ii. p. 332,) were unsatisfactory to me, I 
was greatly rejoiced to receive from my acute philological 
friend. Professor Johannes Franz, a new and very happjf 
solution of this much-debated prohlem, by simple combi- 
nations of ideas. This solution is unconnected with either 
the arrangement of the calendar by the Arcadians, or theii 
"worship of the Moon. I restrict myself here to an extract 
from an unpublished and more extended work. This expla- 
nation will not be unwelcome to some of my readers in a work 
in which 1 have made a rule frequently to trace back the 
whole of our present knowledge to the knowledge of the 
ancients, and even to traditions believed generally or by very 

" We shall commence with a few of the principal passages 
from the ancients, which treat of the Proselenes. Stephanus 
of Byzantium (v. 'Apifns) mentions the logogi'aphs of Hippys, 
of Rhegium, a contemporary of Darius and Xerxes, as the 
first who called the Arcadians x^offtXiji'ot'v. The scholiasts, ad 
ApoUon. Rhod. IV. 264, a.nä. ad Arislopk. Nub. 397, agree in 
saying, the remote antiquity of the Arcadians becomes most 
clear from the fact of their being tailed w/joaeXi^i'oi. They 
appear to have heeu there before the Moon, as Eudosus and 
Theodorus also say; the latter adds that it was shortly before 
the labours of Hercules that the Moon appeared. In the 
■government of the Tegeates, Aristotle states that the bar- 
barians who inhabited Arcadia were driven out by the later 
Arcadians before tlie Moon appeared, and therefore ihey 
— ere called vpoaiKijvot. Others «ay, Endymion discovered 
xevolution of the Moon, but as be was an Arcadian, his 






I conclude tbese considerations respecting the distances of 
tiiQ planetn, and their ormiigement in space, with a Isw, 
wliich however scarcely deserves this name, end which ia 

GOU&trj'inen were called after bim Trpom\^voi. Lucian ex- 
presses himself slightingly. {Astrolog. 26,) According to 
him it wuE from stupidity and folly that the Arcadians said 
they were there before the Moon. In the Schol. ad .^aekgli 
Prom. 436, it is observed, that rpoafTwi/Levov in called 
vßpit^Bficpov, whence, therefore, the Arcadians were ealted 
sr/joireXijiini, because they are arrogant. The passages in Orid 
as to the existence of the Arcadians before the Moon, are 
universally known. Recently, indeed, the idea has sprungup 
that all the ancients were deceived by the form wpoaeK^iroi, 
and that the word (properly jr/wtW^i/oi) meant only p«- 
Hellenic, as Arcadia certainly was a Pelagian country. 

" If, now, it can be proved," continues Professor Frans, 
" tiiat another people connected tlieir origin with another 
cosraicnl body, the trouble of taking refuge in deceptive 
etymological explanations will be obriated, This kind of 
t^timony exists in the most suitable form. The learned 
rhetorician Menander says literally in his work. De Economiit 
(sec. ii. cap. 3, ed. Heeren), as follows r — ■ A third motive for 
the praise of objects is the time ; this is the case in all the 
moat ancient nations : when we say of n town or of a conntiy 
it was founded before this or that star, or witli those stars, 
before the flood or after the 'flood ; as the Athenians affirm 
they originated at the same time ns the Sun. the Arcadians 
before the Moon, the Delphians immediately after the flood ; 
these are epochs, and. as it were, starting points in time.' 

"Therefore Delplii, the connection of which with the flood 
of Deucalion is otherwise proved (^Pautan. x. 6), is surpassed 
by Arcadia, and Arcadia by Athens. ApoUcniuB Rhodins, 
who was so fond of imitating old models, expresses himsdf 
quite in accordance with this passage, where he say» (w. 
261), Egypt is said to have been inhabited before all odter ' 
countries ; ' the stars did not yet all revolve in the heavens ; 
the Danaides had not yet appeared, nor the race of Denca- 
lion; the Arcadians alone existed ; those of whom it is said« 
that they lived before the Moon, eating acorns upon the 
mountains.' In the same manner, Nannttt (xli.) says of tfa« 
ByrianBeroe, that it was inhabited before the time of tho Sun. 



called by Lalande and Delambre, a play of numbers ; by 
otherB, a help for the memory. It has greatly occupied our 
laborious Bode, especially at tho time that Piaz;«i diKcovercd 
Ceres; a circumBtimee, however, which was in no way occa- 
sioned by that so called law, but rather by a misprint in 
WoUaston's Catalogue of the Stars. If any one is inclined 
to consider that discavery as the fulfilment of a prediction, it 
must not be forgotten that the latter, as we have already 
pointed out, extends back as far as Kepler, or more than a 
century and a half beyond Titius and Bode. Although the 
" Such a habit of derivinj; determinations of time irom 
epochs in the formation of the world, is au ofispring of the 
speculative period, in which all objects bavc stUl more 
vitality, and is most closely allied to the genealogical local 
poetry. So that it is not improbable that the tradition eung 
by an Arcadian poet of the battle of the giants in Arcadia, 
to which the above-quoted words of old Theodorus (whom 
some consider to be a Samothracian, and whose work must 
have been very comprehensive) refer, may have given occa- 
sion to the general appUcalion of the epithet Trpoae\7jvoi to 
the Arcadians." AVlth regard to the double names ' Arkade» 
Felasgoi,' and the opposition of a more ancient or recent 
peopling of Arcadia, compare the escellent work. Der 
Peloponnesos. by Ernst Curtius, 1851, pp. 160 and 180. 
In the New Continent also there is, as I have already shown 
in another place (see my Kleinen Schr:ßen, Bd. i. p. 115), 
upon the elevated plain of Bogota, the race of Muyscaa, or 
Mozcas, who in their historical myths boast of a proseleuic 
antiquity. The origin of the Moon is connected with the 
tradition of a great flood, which a woman who accompanied 
the miracle -worker Botschika had caused by her magical 
arts. Botschika drove away the woman (called llu3'thaca or 
ßchia). She left the Earth, and became the Moon, " which 
nntil then had ne\'er shono upon the Muyscas." Botschika, 
pitying the human race, opened a steep rocky wail near 
Canoaa, where the Kio de Tunzha now rushes down, forming 
the famous waterfeH of Tequendama. The valley, filled vri^ 
water, was then laid dry, — a geognostio romance which occuj 
^^epeatedly: for example, in the closed Alpine valley i 
^Kashmir, where the mighty draiacr is called Easyapa. 
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Berlin aatronomer had already distinctly declared, in the 
second edition of hia popular and extremely useful Anletliing 
sur Kenntiiiss des gastirnten Himmels, that " he had taken 
the law of the distances from a translation of Bonnet's Con- 
templation de la Nature, prepared by Professor TitiuB at 
Wittenberg," etill it has generally borne his name, and 
seldom thai of Professor Titius. In a not« which the latter 
added to the chapter on the System of the Universe," ho 
says: " When the distancas of the planets are examined, it 
is found that they are almost all remorcd from each other by 
distances which are in the same proportion as their magni- 
tudes increase. If the distance iVom Saturn to the Sun U 
taken as 100 parts, the distance of Mercury from the Sun is 
4 auch parts, that of Venus 4 + 3^7 such parts, the Earth 
4 + 6 = 10, Mars 4 + 12 = 16. But from Mars to Jupiter 
there ta a deviation from this accurate (!) progression. Mars 
ia followed by a space of 4 + 24 ;^ 28 such parts, in which 
tteither a principal planet nor a subordinate planet has yet 
been seen. Is it possible that the Creator should have left 
this space empty ? It cannot be doubted that this space 
belongs to yet undiscovered satellites of Mars; or that per- 
haps even Jupiter has further satellites around him, which 
have not hitherto been seen by any telescope. In this spocc 
(unknown to us as regards its contents) Jupiter's circle of 
action extends to 4 + 48 ^ 52. Then follows Saturn in 
4 + 96 = lOOparts — an admirable proportion.'' Titius was 
therefore inclined to consider the space between Mars and 
Jupiter as containing, not one, but, as is actually the case, 
Bereral cosmical bodies; however, he conjectured that they 
re more likely to be subordinate, than principal planets. 

' Karl Bonnet, Betrnchtufig über die Nalur, translated by 
Titius, second edition, 1772, p. vii. note 2 (the first edition 
appeared in 1766). In Bonnet's original work no such Ibw 
ia noticed. (Compare also Bode, Anlsil. iiir Kenntnis» du 
geslimten Himmels, second edition, 1772, p. 462.) 
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How the translator and commenüitor of Bonnet obtained 
the number 4 for the orbit of Mercury, is nowhere stated i 
Perhaps he selected it only in order to have in combinatioa 
with the easily divisible numbers 96, 48, 24, &c., exactly 100 
for Saturn, at that time the most distant planet known, whose 
distance is 9'5, thus very nearly =: lO'O. It is less probable 
that he conatnicted the order of succession by commencing 
from the nearer planets. A sufEcient correspondence of the 
law of duplication setting out, not from the Sun, but from 
Mercury, with the true planetary distances, could not have 
been ttSirmed in the last century, as the latter were known at 
that time with sufficient accuracy for this purpose. In realitj-, 
the distances between Jupiter, Saturn, and Uranus approximate 
very closely to the duplication; nevertheless, since the disco- 
very of Neptune, which is much too near to Uranus, the defec- 
tiveness in the progression has become strikingly evident.™ 

" Since, accordiag to Titius, the distance from the Sun to 
Saturn, then the outermost planet, is taken as = 100, the 
individual distances should be : 
UercDi;, YennB, Earth, Mars, Stottll planets, Jupiter, 

■rtH TOTi TSTT JWo TWS TSTI 

according to the so-colled progression; 4, 4-i-3, 4 + 6, 4-|-12, 
4 + 34, 4 + 48; consequently, when the distance of Saturn 
from the Sun is taken as TS9'2 million geographical nutes, 
those of the other planets expressed in the same measure, ore: 







K geogiupMcal mileg. 


in geographical milas. 


Mercury ... 


... 31'6 millions. 


32'0 millions. ■ 


Venus 


... 55'2 


60-0 J 


Earth 


... 78-8 


82-8 ■ 


Mars 


... 126'0 


126-0 ■ 


Small planets 


... 220-8 „ 


220-8 ■ 


Jupiter 


... 410'4 „ 


430-0 ■ 


Saturn 


... 789-2 


789-2 ■ 


Uranus ... 


.,.]586'8 


1S86-8 „ ■ 


E^tune ... 


...3062-0 


3484-8 ^ 
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Wbat is caBed the law of "Wurm of Loonberg, and Bome- 
times distinguished from the law of Titias and Bode, i« 
merely a. correction which Wiimi made as to the dtstaaee of 
Mercury from the Sun, and the difference between the dis. 
tances of Mercury and Venus. Approiimating nearer to the 
&ct, he fixes the former as 387, tlie latter 660. and the dis- 
tance of the Earth 1,000.^ Gauss had already, on the oeca- 

" Wurm, in Bodes Adron. Jahrbuch for the year 1790, 
p. 168 ; and Bode, Von dem netten zwkchen Mars und Jvpittr 
entdeckten achten Ilaupiplaneten des Sonnensystem!, 1802, 
p. 45. With the numerical correction of Wurm, the series, 
according to the distances from the Son, is : — 



Mercury ., 

Earth 
Mars 
Small planets ... 

Saturn 
Uranus 
Neptun 



387 
387 + 



387 + 
387 + 



Parts. 
680 
973 

1559 
8 293= 2731 

5075 

9763 



= 37891 

y of these results tavf 

' the planets are given 



,.. 387+ 64-2 

... 387+128-2 
In order that the degree of accuracy o 
be tested, the actual mean distances of tl 
in the next table as they are aclcnowlcdged at the preaent 
time, with the addition of the numbers which Kepler conn- 
dered in accordance with the Tychonic system to be the true 
ones. I quote the latter from Newton's work De Mundi Sjfi' 
lemate (Opwculamath. philoa. elphihl. 1744, torn, ii. p. 22): 



Planete. 


Acfii^l Dieluices. 


Kepler-a Kcaults. 


Mercury 


038709 


0-38806 


Venus 






0' 72333 


072400 


Earth 






I'OOOOO 


l-OOOOO 


Mars 






1-52369 


1-52350 


Juno ..- ... 






2-66870 




Jupiter 






5 '202 77 


5'19650 


Saturn 






958883 


9-51000 


Uranus ... 






1918239 




Neptune ... 






30-03628 
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n of the discovery of Pallas by Olbers, aptly criticised the 
o-ealled law of distances in a letter to Zach (October, 1802), 
"The statement of Titius," says he, " contrary to the nature 
of all truths which merit the name of laws, agrees only 
approximatiyely with observed facta in the case of most 
planets, and, what does not appear to have been once observed, 
□ot at all in the case of Mercury. It is evident that the series 

4, 4 + 3, 4 + 6, 4 + 12, 4 + 48, 4 + 96, 4 + 192, 
mth which tlie distances should correspond, is not a conti- 
dhoue series at all. The member which precedes 4 + 3 should 
not be 4; !. p, 4 + 0, but 4 + 1^. Therefore, between 4 and 
4 + 3, there should be an infinite number; or, as Wurm 
«spresees it, for n = 1, there is obtained from 4 + 2'-' .3, 
not 4, but 5^, Otherwise, the attempt to discover such 
approximative similarities in nature, is by no means to be 



5. Masset of the planets, — These elements are determined 
by satellites when there are any, by the mutual disturbances 
of the principal planets among each other, or by the influence 
of ft comet of brief revolution. In this way the hitherto 
unknown mass of Mercury was determined by Encke in 1841, 
by the disturbances which his comet sufiered. The same 
comet offers a prospect of a future improvement in the esti- 
mation of the mass of Venus. The disturbances of Vesta 
are applied to Jupiter. The mass of the Sun being taken as 
tmity, those of the planets are (according to Eucke, vierte 
Abhandlung aber den Cometen von Pons in den Schrißtn der 
erliner Akademie der Wissenschaften for 1842, p. 5): 

Mercury 



(Earth and Moon togetlier 
I Uars 

fejapiter and his satellites 
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S&tum -rsTTT'S 

TJrnnuB ttsos 

Neptune j^i^ 

The ratLSS g-gVa- which Le Veirier found by means of his 
sagacious calculatious before the actual discovery of Neptune 
by Gftlle is greater, although remarknbly near to the truth. 
The arrangement of the principal planets, according to tbeir 
increasing masses, is, when, leaving out the small ones, the 
following : 

Mercury, Mars, Venus, Earth, Uranus, Neptune, Saturn, 

thus like the volumes and densities, entirely different from 
the order of succession of the distances from the central 
body. 

6. Densilies of /he plane/a. — By applying the above quoted 
Tolumes and masses, the following numerical relations are 
obtained for the densities of the planets (according as the 
earth or water is taken as unity); 



1 





delation ta Iho 


Bdatiun to the 




Earth. 


density of Water. 


Mercury 


1'234 


6-71 


Venus . 




0-940 


511 


Enrth 




1-000 


5 44 


Mars 




0-95S 


5-21 


Jupiter 




0-243 


1-32 


Saturn 




0-140 


0-76 


Uranus 




0-1 7a 


0-97 


Neptune . 




0-230 


1-25 



In the comparison of the density of the planets with water, 
the density of the Earth serves as a basis. Reich's experU 
ments made in Freiberg with the torsion balance, gave 
5-4383 r very nearly the same as the analogous experiments 
of Cavendish, which, according to the more accurate calcula- 
of Francis Bally, gave .J-448. Tlie result of Bnily'e 



J 






1 experiments is ä'660. It will be seen &om the above 

le, that Mercury, ncoording to Eocke's determiiiatioa of 
, cornea very near to the other planets of medium 
tnagnitade. 

This table calls to mind forcibly the classification, seTeral 
times mentioned by me, of the planets into two groups, 
which are se[>aiatcd from each other by the zone of the small 
planets. The differences of density which ore presented by 
Mars, Venus, the Earth, and even Mercury, are very slight; 
almost equally similar among each other, but irom 4 to 7 
times leas dense than the former group, ore the planets mote 
^tantfrom the Sun, — Jupiter, Neptune, Uranus, and Saturn. 
! density of the Sun (0'252, if the Earth is taken aa 
, therefoie in reference to water 1-37), is but little 
FiQore than the densities of Jupiter and Neptune. ConsC' 
quently, the planets and the Sun^'inust be arranged according 
to their increasing deueity, in the following order ; 

. Saturn, Uranus, Neptune, Jupiter, Sun, Venus, Mai-s 

^^L. Carth, Mercury. 

^^Mlthough, upon the whole, the densest planets are nearer to 
^^Hie Sun; still, w/ien they are considered tndividualli/, their 
^Hlkiisity is by no means proportional to the distances, as 
^^Dtewton wns inclined to assume." 

^^P ** The Sun (which Kepler confiidered to he magnetic, pro- 
1>ably from enthusiastic admiration fur the divina invenla of 
his juatly famous contemporary, William Gilbert, and whose 
rotation in the same direction as the planets he maintained 
" before the Sun-spots were discovered), Kepler declares, 
'» Comnieitt. de motihus Stella! Martis (cap. 23), and in 
ronomiie pars optica (cup. 6), to be " the densest of all 
mical bodies ; because it moves all the others which belong 
b his system." 

I" * Newton, Oe 3/unrfi Syttemale. in OpusEulis, torn. ii. p, 17: 
BCorpora Veneris et Mercurii majore Solis calore raagis con- 
fcta et coagulnta smit. Planctm ultenoros, defectu ealoris, 
' it substantias illia metallicia et miueris ponderosis quibus 
I referta est. Dcusiom coipom i]}xa> Soli propicr;i ; r.i 
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7. Periods of sidereal revolution and axial rotation. — ^We 
shall confine ourselves here to giving the sidereal, or true 
periods of revolution of the planets in reference to the fixed 
stars, or a fixed point of the heavens. During such a revolu- 
tion, a planet passes through exactly 360 degrees in its course 
round the Sun. The sidereal revolutions of the planets must 
be clearly distinguished from the tropical and synodic, the 
former of which refer to the return to the spring equinox, the 
latter to the difference of time between two consecutive 
conjunctions or oppositions. 



Planets. 


Periods of sidereal 
BeTolutions. 


BotaUon. 


Mercury 


87'*-96928 


d h m g 


Venus 


224-70078 




Earth 


365-25637 


23 56 4 


Mars 


686-97964 


1 37 20 


Jupiter 


4332-58480 


9 55 27 


Saturn 


10759-21981 


10 29 17 


Uranus 


30686-82051 




Neptune 


60126-70000 





In another more perspicuous form the two periods of revo- 
ution are: — 

Mercury ... ... 87* 23^ 15» 47* 

Venus 224 16 49 7 

Earth 365 6 9 10 «7496: 



ratione constabit optime pondera Planetarum omnium esse 
inter se ut vires." — " The bodies of Venus and Mercury are 
more ripened and condensed, on account of the greater heat 
of the Sun. The more remote planets, by want of heat, are 
deficient in those metallic substiinces and weighty minerals 
with which the Earth abounds. Bodies are denser in pro- 
portion to their nearness to the Sun, — from which reason it 
will easily appear that the weight of all planets is in propor- 
tion to their forces." 
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wlience it follows that the period of the tropicül revolution, or 

Hie length of tbe Bolar year, is 365''*24222. or 365d. Sh. 48ni. 

^mM'-8Q9\; the length of the Bolar year is shortened 0"-ö96 

^Hb 100 years on acconnt of the precession of the equinoxes ;■ 

^V Mara 1 year, 321" 17'' 30" 41' 

^V Jupiter ... 11 years, 314 20 2 7 

H Saturn 29 years, 166 23 16 32 

^B Uranus 81 years, 5 19 41 36 

H[ Neptune ... 164 years, 225 17 
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! rotation is most rapid in the case of the exterior 
inets, which have at the same time a longer period of 
revolution ; slower in the case of the smaller interior planets, 
which are nearer to the Sun. The periods of revolution of 
the asteroids between Mars and Jupiter ai'e very various, and 
will be spoken of in the enumeration of the individual planets. 
It is, therefore, Euäicient in this place to give a comparative 
result, and to observe that among the small planets, Hygeia 
has the longest, and Flora the shortest period of revolution. 

8. Inclinatiaii of the pianelary orliU and axes o/roCatton. — 
Next to the masses of the planets, the inclination and eccen- 
tricity of their orbits are among the most important elements 
upon which the disturbances depend. The comparison of 
these, in the order of succession of the isterior, small inter- 
mediate and exterior planets (from Mercury to Mars, iiora 
Flora to Hygeia, from Jupiter to Neptune), presents manifold 
simihiritics and contiasts, which lead to considerations as to 
^^0H formation of tlicse cosmical bodies, and their changes 
^HBlRiig long periods of time. The planets revolving in such 
^BKrious elliptical orbits, are also all situated in different 
^^^lanes. In order to render a numerical comparison possible, 
they are reduced to a fundamental plane, either fixed or 
moveable, according to certain laws. As such the most con- 
^Venient is the ecliptic — the course which the Earth actually 
Biverscs — or the equator of the terrestrial spheroid. Wa 
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perpetual snow in the Andes ctain. The tempernture of the 
air daring the da}' oscillatoa there betwten 4°J and 9" 
K6aum. (42° and 52'''25 Fahr,) 

Grecian antiquity was much occnpied with the oliliqni^ 
ef the ecKptic, with rough meaaurements, conjeotures as toils 
Tariability, and the influence of the inclination of the Earth's 
axis upon climate, and the luxuriance of organic develop- 
ment. These speculations belonged especiallj' to Anoxagoraa, 
the Pythagorean school, and to Oinopides of Chios. Hie 
passages which give us any information on this point lae 
scanty and indecisive; however, they show that the deve- 
lopment of organic life and the origin of animals were 
considered to have been simultaneous with the epoch ia | 
which the asis of the Earth first commenced to be inelined, J 
which qIso altered the inhabitability of the planet in panicutsi ' 
Eonea. According to Plutarch, De Plac. P/ii'los. ii. B, 
Anaxagoraa belioved " that the world, after it had come into 
existence and produced Jrom its womb living beings, had ot 
itself inclined towards the south." In the same rcgatd, 
Diogenes Laertius says of the Clazomenter, " the stars btd 
eriginnlly projected themselves in a dome-like layer, bo that 
the pole appearing at any time was vertically over the Barth ; 
but that afterwards they assumed on oblique direction." Tho 
origin of the obliquity of the ecliptic was considered as m 
eosmical evenl. There was no question respecting a subse- 
quent progressive alteration. 

The description of the two extreme, therefore opposite, 
conditions to which the planets Uranus and Jupiter approxi- 
matc inost closely, is suited to call to mind the variatioDS 
which the increasinrf or decreasinij obliquity of the ecliptto 
wotdd produce in the meteorological relations of our planet, 
if these vnriationa were not comprised within vary nam« 
timiu. The knowledge of these limits, tlic aubjeot of the 
great works of Leouhard Euler, Lagrange, and Laplace, miV 
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bo called oni: of the most brülümt 
times ia theoretical astronomy aad (fce feitetttd 
analysis. These limits are bo BMmm, that Lapbce (£qwfb 
du Sifstim§ du Mond*, ed. 1824, p. 303.) pab farwwd tbe 
opinion that the obliquity of the ediptic oscillatea abost its 
mean poBitioo only 1^^ toKanh both odes. Accordii^ to 
tbin statemeDt," the tropical zone (tbe tn^iie of CMHer.uila 
Dorthemmost and outermost bomidwy) would appmch VKikj 
so much nearer to U3. Tbe result would tbenfbte bCi if lite 
numerous other mcl^orotogical pertorbotioaa are naaittcdL M 
if Berlin wei% gradually displaced from its pcearat iio dmiiw l 
line to that of Prague. The elemtion of tbe meaa aMmal 
temperatora would scarcely amount to mote tfaaa one dei;iee 
of the centigrade C^ of a di'^ee of Fahrenbeit's) tber- 
mometer.'* Biot, indeed, also as^Dmes oaly nnow Unili 
for the alternating variation in the obliquity of the ecli|K 
tic. hut considers it more adrisable luit to aaa^ to it t 
detenninate number. " La diminiition lent« et i^culsti« 
de Vohliquite de I'ecliptique," says be, ■' oSrc des etata 
nltemBtifs qui produisent une oscillation elcratUc, oou> 
prise entre des iimites fiies. La iheorie n'a pas encore pn 
^HMrrenir ä determiner cca Iimites ; mais d*aptes la cotutitO' 

^^P" "L'etenduc enti^re de cette variation scrait d'environ 
^iS degres, mais Taction du iioleil et de In Luoe in i eduit ä peu 
prea ä trois degres (eenlesimaux)." "The entire extent 
of that variation would be about 12 degrees, but the actioa 
of the Sun and Moon reduce it to very nt^arly 3 degrees 
(ccntesimni)," — laplnce, Expoi. du Sytt. dn Matidt, p. 303. 

* I have shown in another place, by comparison of num^ 
rouG m<^a.n annual temperatures, that in Kurojte, from tha 
North Cape to Palermo, the ditferenee of one dej-reo of 
geographical latitude very nearly corrcBpoiid« to 0-5'' of thv 
centigrade tliermometer, but in the western teniiwratuw- 
I of America (between Boston and dutJcstowii) tO 
e Cmiralf, lom. iii. p. ' 
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tioit du Systeme planetaire, eile a demontre qu'cUca existent 
et c|u'eUes sont Iresjieu itenduea. Ainsi, ä ne consider que 
le seul eiFet des causes conBtantes qui agissent actueltement 
SU» le syätöme du monde, on peut affirmer que le plaa de 
r^eliptique Ji'o jamais coincide et ne coincidera jamais btbo 
le plan de l'^quateur, phenom^ne qui, s'Ü atrivait, prodnirait 
fur le Teire Ic (pretendu!) printempa perp^tuel."* — Bioti 
Trail6 d'Aslronomie Physique, 3rd cd. 1847* tom. iv. p, 91. 

While the nutation of the Earth's axis discovered by 
Bradley dcjicnds merely upon the influence of the San and 
the Earth's satellite upon the oblate figure of our planet, the 
increase and decrease in the ohLquity of the ecUptic is the 
coQsequeuce of the variable position of all the planets. At 
the present time these are so situated that their united in- 
fluence upou the Earth's orbit produces a diminution in the 
obliquity of the ecliptic. This obliquity amounts, according 
to Bessel, to O'-A'il anuually. At the end of many thousand 
years the situation of the planetary orbits and their nodes 
(their points of intersection with tho eeliptte) will be so 
different, that the advance of the equinoxes will be eonverted 
into a retrogression, and consequently an increase in tlifi 
obliquity of the ecliptie. Theory teaehes us that these iit- 
creoees and diminutions occupy periods of very unequal 
duration. The most ancient astronomical observations wbicb 
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* "The slight and secular variation of the obliquity of the 
ecliptic presents altcniating states which .produce an eternal 
oscillation comprised within fixed limits. Theory has not'been 
able to determine those limits; but according to the consti- 
tution of tho planetary system it has been proved that they 
Exist, and that they are of very alight extent. Thus, to coop 
sider only the effect of the permanent causes vvhich net up« 
the system of the world, it may be afBrnied that the plane of 
the ecliptic never has and never will coincide with the jdana 
of the equator, a phenomenon which, if it took place, would 
produce upon the Earth the (pretended!) eternal spring. 
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have come down to us, ^ith accmate numerical data, reach 
back to the year 1104 before Christ, and testify to the estreme 
antiquity of Chinese civilization. The literary remains arc 
scarcely a century more recent, and a regulated enlculatlou of 
time extends (according to Edward Biot) as far back as 2700 
years before Christ.** Under the reign of Taehcu-Kung, the 
brother of Wu-Wang, the meridian shadows were measured 
in two solstices, upon an eight-foot gnomon, in the town of 
Layang, south of the Yellow River (t!ie town is cow called 
Ho-nan-fu and is in the province of Ilo-nan), in a latitude of 
of 34° 46'." These measurements gave the obliquity of the 
ecliptic aa 23° 54'; that is, 27' greater than it was in 1850. 
The observations of Pytheas and Eratosthenes at Marseilles 
and Alexandria are six and seven centuries later. We pos- 
sess the rCBulta of four observations of the obliquity of the 
ecliptic previous to our era, and seven subsequent, up to 
Ulugh Beg's observations at the observatory of Samarcand. 
The theory of Laplace coiTesponds sometimes in plus, some- 
times in minus, in an admirable manacr with the observations 
made during a period of nearly 3000 years. Tho knowledge 
transmitted to us of Tschcu-Kung's measurement of the 
shadow-length is so much the more fortunate as the manu~ 
script which mentions it escaped, from some unknown cause, 
the fanatical destruction of books commanded by the Emperor 
Schi-hoang-ti of the Tain dynasty, in the year 246 before 
Christ, Since the commencement ot tbe fourth Egj'ptian 
dynasty with the Kings Chufu, Sohafra, and Menkcra, — the 
Tinilders of the Pyramids, — falls, according to Lepsius, twenty- 
three centuries before the solstitial observation at Layang, 

*° Cosmns, vol. n. p. 475, 476. and note. 
" Lajilace, Expos. d:i Systime du Monde, 6th ed. p. 303, 
345, 403, 406, aud 408 ; tho same in the Coimaissance dei 
Temp» pour \%\\, p. 386; Biot, Traili Elim. d'Astnn, 
-"^Wjue, torn. i. p. 6X ; tom. iv. p. 90-99, and 614-623. 



it IB indeed vciy probable, from tbe bigb degree of ciTilization 

of the Egyptian people nnd their enrlyregulation of acalendar, 
that even ut tlint time the length of ahadows had been 
measured in the Talley of the Nile ; but no knowledge of ääa 
has come down to us. Even the Peruviana, although leee 
advanced in the perfection of calendars and intercalatdons 
than the Muyscas (mountain inhabitants of New Grnnadii) 
and the Mcsicana were, possessed gnomons, surrounded by 
a circle marked upon a very lei'cl surface. They stood in . 
aeveral parts of the empire, as well as in the great temple of | 
the Sun at Cuzoo; the i>nomoii at Quito, situated alraost I 
under the equator, was held in greater veneration than tiie J 
others, and crovvned with flowers upon the equinoctial feasts." 

" Garcilaso, Comment. Heoles, part i. lib. ii. cap. 22-25; 
Proscott, I/ist. of the Cuiiqucst of Pati. vol. i. p. 126. the 
Mewcans possessed among their twenty hieroglyphical nbu 
of the days, one hfld in cspcciaS reneiation called Ow^ 
tonaiiuh, that of the four movements of the Sun, wbiflii 
governed the great cycle, renewed every 52=4x13 yvau, 
nnd I'cfcrred to the course of the Sun intersecting the soutioei 
and equinoxes, and hieroglj'phically expressed by foot-Hm^ 
In the beautifully-painted illuuiitiated Aztec manuscript, wkolk 
was formerly preserved in the Tilla of Cardinal Borgi& al 
Veleti'i, and from which I derived much important infonna» 
tion, there is the remarltable astrologicnl sign of a ctobI, , 
the day signs which are written on the margin by its nja 
would perfectly repi'esent the passage of the Sun throogli Üü 
zenith of the town of Mexico (Tenochtitlan). the equator snd 
the solstitial points, if the points (round discs) added to tlH 
day iigns on account of the periodic seiies, were equt)^ 
complete in all three passages of t)ie Sun. (Humboldt, Ri* 
de» Cordilleres. pi. mcxru. No. t), pp. 164. 189 and 2874" 
The King of Tezeuco, NeKahualpilli (called a fmt cUIlt 
because bis father fasled for a long time previously to tto 
birth of the wished-for son) who was passionately gi-vento, 
astronomical observations, erected a building wliidi TorqW- 
mada rather venturously colls an vbtervalory, and the niiiu of 
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9. Eocenlricity of (he Planetary Ori/fo.— The form of the 

elliptical orbita is determined bj the greater or less distance 
of the two foci from the centre of the ellipse. This distauce, 
or the eccentricity of the planetary orbits expressed in frao- 
tioual parts of their half major axes, varies from OOOC in the 
orbit of Venus (consequently very near the circular form), 
and 0076 in tliat of Ceres, to 0'2Ü5 and 0-2S5 in tlioae of 
Mercury and Juno. Nest in succession to the least eccentric 
orbits of Venus and Neptune follows that of the Earth, whose 
eeeentrieity is now decreasing at the rate of about 000004298 
in 100 years, while the minor asis increases; then oome the 
orbits of Uranus, Jupiter, Saturn, Cerca, Egeria, Vesta, and 
Mars. The most eccentric orbits ate those of Juno (0'2ö5), 
Pallfls(0-239),Iris(0-232),Victoria(0-2i7), Mercury (0'20ö), 
and Hebe (0-202). The eccentricity is on the increase in 
the orbits of some planets, as Mercury, Mars, and Jupiter; 
on the decrease in those of others, as Venus, the Earth, 
Saturn, and Uranus. The following table gives the eccen- 
tricities of the large planets for the year 1800, according to 
Hansen. The eccentricities of tie fourteen small planeit 
will be given subsequeatly, together with other elements af 
I orbits for the middle of the nineteenth century. 

Mercury 0'305ei63 

Venus O'OOGSeiB 

Earth 0'0167923 

Mars 0-09321C6 

Jupiter 0-0481621 

Saturn 0-0501505 



M 



,w. {Monarq-uia. Indiana, lib. ii. cap. 64.) In 
Raccolta di Meiidoza, we find a priest represented 
( Files (ks C'ordilleres, pi. Iviii. No. 8, p. 289), who is watch- 
ing the sUirs, wliich is expressed by a dotted line wliieh 
8 from the observed etar to his eye. 
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Uranus 0-0466108 

Neptune 0-00871946 

The motion of the major axis (line of apsides) of üie 
plnnettti-y orbita by ■«■hieb the plnoe of the perihelion ia 
clinngecl, is a motion which goes on perpetually in o 
direction, and proportionally to the time. It is a change 
the position of the major axis, which requires more than a 
hundred thousand years to complete ita cycle, and ia to be 
distinguished as essentially different from those alterations 
which the planetary orbits undergo in their form — their 
ellipticity. The question has been raised as to whether the 
iocreasing value of this ellipticity, is capable during thous 
of years of modifying, to any eonsiderable extent, the ' 
perature of the Earth, in reference to the doily and annual 
quantity and dislribii/ion of heat ? Whether a partial solution 
of the great geological problem of the embedding of tropical 
Tegetabic and animal i-emains in the now cold zones may oat 
be found in these astronomical causes proceeding regularly 
in accordance with einmal laws? The same mathematioal 
arguments which excite apprehensions as to the positiraof 
the apsides, the form of the elliptical planetary orbits (aceord* 
ing as these approach the circular form or a cometary eccen* 
tricity), as to the inclination of the planetary axes, ehangw 
in the obliquity of the ecliptic, the influence of precession upos 
the length of the year, also atford in their higher analytical 
development, cosnxica! grounds for reassurance. The w 
axes and tlie masses are constant. Periodic recurrence hioden 
Ihe unlimited augmentation of certain perturbations, 
consequence of the mutual and at the same time compensntu^ 
influence of Jupiter and Saturn, the eccentricities of their 
orbits, in themselves slight, are alternately in a state of ii 
crease and decrease, and are also comprised within fixed ani 
for the most part narrow limits. 

The point in which the Earth is nearest to the Sun falls 



very different periotis of the year, in consequence of the 
alteratiun in the posilio}i of the major nsis." If the perihelion 
falls at the present time on the firat day of January, and tho 
aphelion sis months afterwards, upon the first day of July, it 
may happen on account of the advance {lumin/;) of the 
major axis of the Earth's orbit, that the miaimum may occitt 
in Bummer and the maximum in winter, 80 that in January 
the Earth would be farther from the Sun than in the sum- 
mer, bj- about 2,800,000 geogrophical miles (/. e. about ^'^th 
of the mean distance of the Earth from the Sun). It miglit 
at the first glance be supposed that the occurrence of tho 
perihelion at an opposite time of the year (instead of the 
winter, as is now the cose, in summer), must necessarily 
produce great climatic variations; but, on the above suppo- 
sition, the Sun will no longer remain seven days longer ia 
the northern hemisphere ; no longer, as is now the case, 
traverse that part of the ecliptic I'rom the autumnal equinoi 
to the vernal equinox, in a space of time which is one week 
ehortcr than that in which it traverses the other hidf of its 
orbit from the vernal to the autumnal equinox. The differ- 
ence of temperature which is considered as the consequence 
to be apprehended from ihe turning of the major asis (and 
we refer here merely to the aslyaiiomical climates, excluding 
all considei*atio]is as to the relations of the solid and liquid 
portion of the many-formed surface of the Earth), will, on the 
whole, disappear," principally from the eireumstance that the 
point of our phiucl's orbit in which it is nearest to the Sun is 
at the same time always that over which it passes with the 

* John Herschel on the Astronomical Causes which may 
influence Geolngieal PheJiomeua. in the Transact, of the Geolog, 

£ac. of London, 2nd series, vol. iii. pi. i. p. 298 ; tlie s 

'a bis Treatise on Astronomy, 1833, \Cah. Cyclop, vol. 3 



§ 315.) 



J\jago, in the Annuaire for 1834, p. 199. 
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grealeit veheity. The 

to a certain extent contained 



Ig Golution of this problem is 
the beautiful law first pointed 
out by Lambert,** according to whicb the quantity of heat 
whicli the Earth receives from the Sun in each part of the 
year, is proportional to the angle which tjie raJia» vector of 
the Smi describes during the same period. 

Aa the altered position of the major axis is capable of 
eserting only a very slight influence upon the temperature of 
the Earth ; so likewise the Umils of the probable changes is 
the ellijjtical form of the Earth's orbit are, according to Arogo 
and PoiBson," so narrow that these changes could only very 



** " H s'ensuit (du theorfime du ä Lambert) que la quan- 
tity de ehnleur envoyfe par le Soleil ä la Terre est la mfane 
en allant de I'equinoKe tlu printems ä I'equinoxe d'automne 
qu'en rcvenant de cclui-ci au premier. Le terns plus long 
que le Soleil emploie duns te premier trajet, est eKact^ment 
eompense par son Hoignement [iiissi plus grand ; et les quanr 
tit^ de chaleur qu'il envoie ä la Ten-e, sont lea mfemea pen- ■ 
dant qu'il se trouve dans I'un ou I'autre hemisphere, borM 
ou austral." — Poisson, Stir la Slahiliti du Systeme Planitmn, 
OonnaissancE des Temps for 1836, p. 54. " Itfollowa thim tbe 
theorem of Lambert, that the quantity of heat which is ooo- 
yeyed by the Sun to the Earth is the same during the passage 
from the vernal to tlie autumnal cquinos as in returning from 
the latter to the furmer. The much longer time which die 
Sun takes in the fii-st part of its conrse, is exactly oatOr 
pensaled by its proportionately greater distance, and die 
quantities of heat which it conveys to the Earth are the same 
while in the one hemisphere or the other, north or south." 

" Arago. op. eit. pp. 300-204, " L'excentricile," sajn , 
Poisson, (op. ctt. pp. 38 and 52.) "ayant toujours iAk et . 
devent toujoars demeurer tr^s petite, l'inäuence des variatioill 
aioulaires de la quantite de chaleur solaii'e re^ue par Ix Tena , 
BUT la temperature moycnnc parait aussi devoir etre tvte 
limit6e. On ne saurait admettre que I'excentiidt^ de li 
TeiTe, qui est actuellement environ un soixanti^me.ait JMMil ' 
^le DU devienue jamais un quart, comme celle do Joaon OB 
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fllightlj modify the climates of the individual zones, and that 
in very long periods. Although the analyses which deter- 
mine these limits accurately is not yet quite completed, still 
80 much, at least, follows from it, that the eccentricity of the 
Earth's orbit will never equal those of the orbits of Juno, 
Pallas, and Victoria. 

10. Intemity of the Light of the Sun upon the Planets, — ^If 
the intensity of light upon the Earth is taken as =1, it will 
be found to be upon the other planets, as follows :— 

Mercury 6*674 

Venus 1-911 

Mars 0-431 

Pallas 0130 

Jupiter 036 

Saturn 0*011 

Uranus 0003 

Neptune 0001 

In consequence of the very great eccentricity of their 

orbits, the intensity of light on the following planets 

'varies in — 

Mercury, in perihelion, 10*58 ; in aphelion, 4*59 
Mars „ „ 0*52; „ „ 0*36 

Juno „ „ 0-25; „ „ 009 

while the Earth, owing to the slight eccentricity of its orbits^ 
has in perihelion 1*034, and in aphelion 0*967. If the Sun- 
light upon Mercury is seven times more intense than upon 

de Pallas." " As the eccentricity always has been, and always 
■will be, very small, the influence of the secular variations of 
the quantity of solar heat received by the Earth upon the 
mean temperature would appear also to be very limited. It 
cannot be admitted that the eccentricity of the Earth, which 
is actually about -^^^ has ever been, or ever will be ^ as that 
of Juno or Pallas." 



the Earth, it must also be 368 times more feeble upon Uranus. 
Tte relations of heat have not been mentioned here, because 
they are complicated pheaomeua, dependent npon the exist- 
ence or non-exiatence of an atmosphere surrounding the 
planets, its constitution, and hei;j;lit. I will merely call to 
mind here the conjecture of Sir John Heraehel, as to the 
temperature of the Moon's surftice, " which must necessarily 
be very much heated, — ■possibly to a degree much exceeding 
that of boiling water."*' 



i. beookdahy plamets. 

The general comparative considerations relating to the 
secondary planets, have already been given with some com- 
pleteness in the delineations of nature. [^Cosmos,\o\ i. pp. 79- 
83.) At that time (March, 1845,) there were only 11 prin- 
cipal, and IS secondary planets known. Of the asteroids, 
so called telescopic, or small planets, only 4 were discovered : 
Ceres, Pallas, Juno, and Vesta. At the present time (Augosli, 
18Ö1,) the number of tlic principal planets exceeds that of 
the satellites. We are acquainted with 22 of the former, 
and 21 of the latter. After an iatei'miasion of thirty-eight 
years in planetary discoveries (from 1807, to December, 
184S), commencud a long scries of 10 new small planets, 
with Aslrea, discovered by Heneke. Of these, 2 (Astreaand 
Hebe) were first deti'ctcd by Ilcnckc at Driescn, 4 (Iris, 
Flora, Victoria, and Irene) by Hind in London, 1 (Metis) by 
Graham at Warla'ee Castle, and 3 (Hygeia, Parthenope, and 
Egeria) by De Gasparis at Naples. The discovery of thft 
outermost of all the large planets, Neptune, announced by 
Leverrier, and found by Galle at Biulin, followed ten month» 
after Astrea. Tlic discoveries cow accumulate with sucb 



' Outlines, § 432. 




Tapidlfy. thai t]ie l o y e ^i a^ii j of &e ■ 
after the lajee of a £f« rena, qdle B ■ 
descriptions of coanlries. 

Of the 21 ntdUl» wv kn 
4 to Jupiter, 8 to Sunm (tlK 1 
according to distaoce, 1^ acfonA, E 
two different places at the *nne tine ^ Bood ^d Immwity. 
6 to TTmiius (of ^hlA the MCtnd isA bmiA are aat foi^ 
lively delennined;, and 3 to Nc|rt^K. 

The satellites rerotring nuad de priMifMl pl^Hta eoHfi- 
tate m&ordiaate xytUmt, in «Udt ft« p ititM l l^aela tdie 
the place of central bodiea, fiNiuiug i a fe ridnJ n^iw of 
very different dlinensioiis, in wlädt the gnat solar regkn a, 
as it were, repeated in winiaHire. Aecoadbc to our fnaatt 
know]ed};e, the regiim of Jnptter is 2.080.000 ftuigiap hieal 
miles in diameter, and that of Satmn 4,SOOjOOO. In GalOee's 
time, when the expressUm of a bomQ /onal awrif (J/iaAu 
Jovialii) vas frequenilv nude use ot. iLeK ualogiea betreen 



the subordinate srslems ami tbc solar i 
mnch to the more npid and genenl diSbäoit of the Capa- 
nican system of the world. Iliey mgsiest the repethioas of 
form and position which is so frequenuj" presented bj organic 
nature in subordinate spheres. 

The distribution of the satelilfcs in the solar regions is so 
nequai. that while the proportion of the moonless principal 
its, to those which are accompanied by Moons, is as 
5, the latter belon«:, with the single csception of one. 

e Earth, to the exl&rior planetary grovpt, sitnated beyond 
■e ring of the asteroids with interlacing orbits. The only 

tellite which has been formed in the group of interior 

lanets between the Sun and the asteroids, the Earlh't Moon, 
has a remarkably lai^e diameter in proportion to that of its 
primary. This proportion is -^.ji while the largest of Saturn's 
Batellitcs (the si^^th. Titan), is perhaps only ^-j-, and the 



largest of Jupiter's sateUItes, the third, -^.-g of the diameter 
of their primorlea. A wide distinction must be draini 
between this consideration of a relative magnitude, and thai 
of an abaoliite magnitude. The Earth's Moon, rehitiTely bo 
large (181G miles in diameter), is absolutely smaller than all 
four of Jupiter's satellites (3104, 2654, 2116, and 1900 miles 
in diameter). The sixth satellite of Saturn differs very little 
in magnitude from Mars (3568 miles).*" If the problem of 
telescopic yisibility depended only upon the diameter, and was 
not at the same time determined by the proximity of the 
discs of the primaries, the great distance and the nature of 
the reflecting surfaces, it would be necessary to consider as 
the smallest of the secondary planets, the first and eeoood of 
Saturn's satellitcH (Mimas and Enceladus), and the two eatel' 
lites of Uranus; but it is safer to represent them merely as 
ths smallest luminous points. It has hitherto appeared mon 
certain that upon the whole, the smallest of all planetoiy 
bodies (primaries and satellites), are to be found among tlM 
small planets.** 

The density of the satellites is by no means always lett 
than that of their primaries, as is the case with the Earth's 
Moon (whose density is only 0'619 of that of our Earth) and 
the third satellite of Jupiter. The densest of this group e£ 
«itelhtes, the second, ia even denser than Jupiter himself 
while the third and largest appears to be of equal density 
with the primary. The masses also do not increase in Kt aH 
the same ratio as the distances. If the planets have been 
formed from revolving rings, then the greater or less dcnsa 
I round a nucleus must have been caused by 



" Oullinea, § 548. 

" See Mädler's attempt to estimate the diameter of Vesta 
(264 geographical miles) with a thousand-fold magniQriDg 
power in hia Attremofnie, p. 21 8. 






culiar causes, which may, periupe, mhnjs iranxn makmawn 

The orbite of tlie aeoonäaxy ptuwte «lock l>«li>n^ to tke 
B3me group, have \^tj diflM«nt d eg re e« «f eeoeMtiiei^. Im 
the Jovial system, the orbitd of the first and eecoad tateflilo 
are nearly circular, «bile the eecnoricitie* at ibote of ite 
tiiird and fourth satellites amount to 0-0013 and <MI072. !■ 
the Saturoion e^-^tcm. the orbit of the Weflite «esrc« to tbe 
primary (Minuis), is considerably more eccrainc tbm the 
orbits of Eucetados and Titan, the Iai»««t and first d ina w r eJ, 
whose orbit was so accnmt*ly det«^rmined by B«MeL The 
eeeenlrieity of the (»bit of liie sixth aateUite of Saturn, im 
only 0*02923. According to all these data, which are amtn^ 
those Ibat may be relied upon. Mimas only is more eccentric 
than the Earth's Moon (0-0ä484); the hOlcr posresK« the 
pecaliarity that its orbit round the Earth has a greater 
eecentricity, in comparison with that of its primary, thm 
any other satellite. >ßmaa revolves round Saturn in an orUt 
whose eccentrit^ity is 0*068, while that of the orbit of ita 
primtuy is 0'0ä6; but the orbit of our Moon has an 
eccentricity of 0'0ä4, while the eccentricity of that of the 
Earth is only 016. With regard to ibe distances of the 
satellites from their primaries, compare Cotmos, vol. L 
p. 78-83, The disUnee of the satellite oeareft to Batum 
'), is now no longer taken as 80,053 geogrs}Jucal 
>ut as 102,400; whence its distance from the rin^, this 
in^ calculated as 24,18S miles brood, and at a dittance of 
miles from the surface of the planet, will be 28,000 
miles.'° liemarkablc anomalies, to^tther with a cerUin 
correspondence, ore also presented in the position of the 
orbits of the satellites in the Jovial sjatcm, in which voy 

" In the earlier data {Cotmot, vol. i. p. 82) the eqiuitoiial 
" meter was taken as a basis. 



nenily all the satellites move in tlio planB of tbe equator oi 
their primary. In the gi'oup of Satuniian Batel!itC3, seven of 
them revolve alinoat ia the plane of the ring, while the outer- 
most (the eighth, Japetua) ia inclined towards their plane 
J 2° 14'. 

In this general consideration of the planetary revolutions 
in the universe, we have descended from the higher, — though 
probably not the highest" system, — from that of the Sun to 
the Bubordinate pii-iial systems of Ju])iter, Satm*n, TJranus, 
and Neptune. In the same way that from the striving 
towards generalization of views, which is innate in thoughtful, 
and at tlic same time imaginative men, the unsatisfied cosraical 
presentiment of a trauslatory motion" of uur solar system 
through space, appears to suggest the idea of a higher rela- 
tion and subordination; so the possibility has been conceived 
that the satellites of Jupiter may be again central bodies to 
other secondary ones, which, on account of their smallness, 
are unseen. In that case the individual members of the 
partial systems, which arc chiefly situated among the group 
of cstenor prineipal planets, would have other and similar 
partial systems subordinate to them. Repetitions of form in 
recarring organizations, as well as the self-created images of 
the fancy, are certainly pleasing to a systematic mind; but 
in every serious investigation, it ts imporutively nece^ary to 
distinguish between the ideal aud the actual C'o.^nios; between 
the possible, and that which has been discoveicd by actual 
observation. 



^ Compare Gismos. vol. iii. p. 267 

" 1 have fully treated of the traiisSatoiy motion of the Sua. 
in the delineation of nature. {Cosnwa, vol. i. pp. 134—139. 
Compare also vol. iii. p. 251 .) 



^ SPECIAL EITUMEBATrON OF THE PT.AUETa AND THEIR 
UOONS, AS PABTB OF THE BOLAR SYSTEM. 

It is, as I have already often remarked, the especial object 
)f a physical description of the world, to bring togctlicr all 
tie important and well-established numerical reaiilta which 
hnvc been obtained in tlie domaiu either of sidereal or terres' 
trial phenomena up to the middle of the nineteenth century. 
All that has form and motion should here be represented as 
something already created, existing, KiA definite. The grounds 
upon which the obtained numerical results arc founded; the 
cosmologlcal conjectures respecting genetic developemenly 
which during thousands of years have been called into exist- 
ence by the ever-changing conditions of mechanical and 
physical knowledge: — these do not, in the strictest sense of 
the word, come within the range of empirical investigation. 
(^Cosmos, vol. i. pp. 27-29, 54, and 67.) 



^^Nfhat 



The Suit. 



Thüierei relates to the dimensions, or to the present views 
-as to the physical constitution of the central body, has been 
aL-eady given. {Cosmos,\o[. iv. pp. 359-401.) It only remains 
to add in this place some remarks, according to the most recent 
observations, upon the red figures and masses of red clouds, 
which were specially treated of at page 374. Tho important 
phenomena which the total eclipse of the Sun of July 28. 1 851, 
presented in Eoslom Europe, have still more strengthened 
the opinion put forward by Arago, in 1842, that the red 
mountain, or cloud-like projections upon the edge of the 
gai. IT. H 



I 
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eclipsed Sun, belong to the outermost gaseous envelope of 
tie central body.' These projections became visible on the 
Moon's western edge aa it proceeded in its motion towards 
the east {Aiimiaire du Bureau des Lojigiliidea for 1842, 
p. 457); nnd disappeared again when they were covered on 
the opposite by the eastern edge of the Moon. 

On a Eubsequent occasion the tutensity of the light of 
these projections became so considerable, that they could be 
perceived within the corona through, telescopes, wlien veiled 
by their clouds, and even with the oaked eye. 

The form of some of the projections, which were mosUf 
ruby or peach-coloured, changed with perceptible rapidil; 
during the total obscuration ; one of these projections appeared 
to be carved at its summit, and presented to many observers 
the appearance of a freely suspended detached cloud,' near the 
point, and resembling a column of smoke curved hack at the 
top. The height of most of these projections was estimated 
at from 1' to 2. ; at one point it is said to have been more. 
Besides these tap-formed projections, from three to five «f 
which were counted, there were also observed riband-like 
streaks of a carmine colour, extended lengthways, which 
i to rest upon the Moon, and were often serrated.* 



» Co^os. vol. iii. p. 388. Notes 19 and 20. 

* Compare the observations of the Swedish mathematician, 
Bigcrue Vassenius, at Gottenburg, during the total eclipse at 
Moy 2, 1733, and the commentary upon them by Arago, in 
the Annuaire du Bureau des Longiluden, for 1846. pp. 441 
and 4G2. Dr. Oalie. who observed on the 2Bth of July at 
Frauenburg, saw "the freely suspended cloud connected witi 
the curved, hook-formed gibbosity by three or more threads." 

• Compare what a very expert observer. Captain Berard, 
saw at Toulon upon the Sth of July. 1842. " 11 vit unebnnde 
icn^ trds mince, dentelee irreguliereraeut." {Annuaire du 
Bureau des Lonffiludet. p 416.) "He saw a very narrow «4 
baud irregularly serrated." 



VThat part of the Moon's edge which was not projected 
. the Sun's disc again become perceptible, eepecially 
during the egress.* 

* This outline of the Moon, clearly perceived by fonr 
oTaaerverB during the total eclipse of Öie Sun on the 8th of 
July, 1842, was never previously deacribed aa havinj^ been 
eeeu during similar eclipses. The possibility of seeing an 
exterior outline, appears to depend upon the light which is 
given by the third outermost envelope of the Sun and the 
ring of light (corona). " La Lune se proj'ette ett pariie but 
I'atmosphere du Soloil. Dans la portion do la lunette oü 
I'image de la Lune se forme, il n'y a que la lumi^re provenant 
de I'atmosphere terreatre. La Lune no foumit rien de sen- 
sible, et, scmblable ä un ecran, elle orr^te tout ce qui provient 
de plus loin et lui correspond. En dehors de cette image, et 
pr&cis^raent äpartir de son bord, le champ est ^clair^ ä lajbü 
par la lumiöre de I'atmosphere lerrestre et par la lumiSre de 
I'atmospkire solaire. Supposons que ces deuK lumi^res 
reunies forment un total plus fort de ^ que la lumiere atmo- 
Bpherique terrcstre, et, dSs ce moment, le bord de la Lune sera 
■visible. Ce genre de vision pent prendre le nom de vision 
negative; c'Sst on cffet par line moindre initnsiti de la portion 
da champ de la lunette oi exiete I'image de la Lune, que le 
couloar de cetto image est aper9u. Si I'image ^tait pltu 
intense que le reste du champ, la vision serait positive." — 
Arago, Annuaire dti Bureau des Longitudes, p. 384. " The 
Moon is projected parliaUij upon the atmosphere of the Sun. 
In that portion of the telescope where the image of the Moon 
Ü formed, no other light enters except that of the terrestrial 
atmosphere. The Moon gives no sensible light, and like a 
screen, it stops all that which comes from beyond and corre- 
sponds with it. Outside the image, and immediately round 
its edge, the field is lighted simultaneously by the light of the 
terrestrial atmosphere, and by that of the solar atmosphere. 
If we suppose that these two lights collectively, are ^ stronger 
than the light of the terrestrial atmosphere, the Moon's edge 
will be directly visible. This kind of vision may be designated 
" negative vision, for it is in fact by the leas xittensity of that 
of the field of the telescope in which is the image of the 
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A group of Sun-spots was Tieible, tbougb so 
distant from the edge of the Sun, where the largest red, hook- 
formed projection was developed. On the opposite side, not 
&r bora the feeble eastern projection, there was also a Sun- 
spot near the edge. It is scarcely possible that these fiinnel- 
ßhnped depressions can have furnished the material constitute 
ing the red gaseoue exhalations, on account of the distance 
above-mentioned ; but as the whole surface of the Sun appears 
to be covered with pores, perhaps the most probable con- 
jecture is, that the same emanation of vapour and gas, which 
rising from the body of the Sun forms the funnels,* poun 
through those which appear to us as Sun-spots, or smaller 
pores, and when illuminated present the appearance of red 
columns of vapour, and clouds of various forms in the äurd 
envelope of the Sun. 

"When it is remembered how much the Egyptians" occtqned 
themselves with the planet Mercury (Set-Horus), and Hie 
Indians with their Buddha,^ since the earliest times; how. 
tmder the clear heaven of Western Arabia, the star-worship 
of the race of the Asedites" was exclusively directed to Uec^ 
cury; and, moreover, that Ptolemy was able, in the tSth 
book of the Almagest, to make use of fourteen observalioni 
of this planet, which reach back to 261 years before our as, 



Moon, that the outline of Ulis image is perceptible. If tfait 
image were more intense than the remaining part of the field, 
the vision would be positive." (Compare also on this sul^ied^ 
Cosmot, vol. iii. p. 71. Note 19.) 

* Coitnot, vol. iv.np. 365-371. 

* Lcpsius, Chronologie ihr ^gyplcr, Th. i. pp. 92-06. 
^ Cosmos, vol. iv. p, 410, note 13. 

* Coimot, vol. ii. p. S92. 
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and partly belong to the Chaldeans;' it is certainly astonishing 
that Copernicus, who had reached his scTentielh year, should 
have lamented, when on his death-bed, that with all his 
endeavours, he had never seen Mercurj-. StUl the Greeks" 
justly characterized this planet by the name of (ariXßwv) the 
sparkling, on account of ita occasionally very intense light. 
It presents phases (variable fonn of the illuminated part of 
the disc) the same as Venua, and, like the latter, appears to 
us as a morning and evening star. 

Mercury is, in his mean distance, little more than 32 millions 
of geograpbieal miles from the Sun, exactly 0*3870938 parts 
of the mean diBlance of the Earth from the Sun . On account 
of the great escentricity of its orbit (0-2056163) the distance 
of Mercury from the Sun in perihehon is 25 millions, in 
aphelion 40 milhons of miles. He completes his revolution 
round the Sun in 87 mean terrestrial days and 23h. 15m. 46| 
Schröter and Harding have estimated the rotation at 24h. Sm 
from the uncertain observation of the form of the southern 
cusp of the crescent, and fvom the discovery of a daik st 
which was darkest towards the east. 

According to Besscl's determination on the occasion 
transit of Mercury on May 5, 1832, the true diameter a 
to 2,684 geographical miles," i. e. 0391 parts of the Earth^ 
diameter. 



• Lalande, in the Mem. de I'Aeail. des Sciences for 1 
p. 498; Delambre, Ilistoire de I' Astron. 
p. 320. 

" Cosmos, vol. iv. p. 409. 

" On the occasion of the transit of Mercmy, on the 4th o 
May, 1R32. Mädler and William Beer {Beiträge sur phi/i^ 
Kenntniss der himmlischen Körper, 1841, p. 145) found the 
diameter of Mercury 2,332 miles; but in the edition of the 
Aitronomif of 1849, Mädler has given the preference to 
" sel's result. 
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The man of Mercury « 
very bold assumptions a 



s determined by Lagrange npoa 
:hG reciprocity of the relations of 
distances and denaitics. A means of improving this element was 
first afforded by Ejicke'i Comet of short period of revolution. 
The mass of this planet was fixed by Eneke at jgai y jn of the 
Sun's mass, or about y^-y of the Earth's. Laplace" gave the 
maaa of Mercury ob i,^ . j^ g , „ according to Lt^^range ; but the 
true mass is only -j^j- of that assigned by Lagrange. By this 
correction also, the previous hypothesis of the rapid increase 
of density in the planets in proportion as they were nearer to 
the Sun, was disproved. When, with Hansen, the material 
contents of Mercury arc assumed to be ^70 those of the 
Earth, the resulting density of Mercury is 1-22. "These 
determinations," adds my friend, the autbor of them, "are 
to be considered only as first attempts, which, nevertheless, 
come much nearer the truth than the numbers assumed by 

" Laplace, Exposition du Sijst. du Munde, 1824, p. 208. 
The celebrated author admits, however, that in the determi' 
nation of the mass of Mercury, be founded his opinion u|kk 
the " hypoth^se tres precaire qui suppose les decsites da 
Mercure et de la Terre reciproqucs ä leur moyenne distance 
du Soleil." " The very precarious hypothesis which suppose« 
the densities of Mercury and the Earth reciprocal to thdr 
mean distance from the Sun." I have not considered ä 
necessary to mention either the chain of mountains, 61,826 
feet ia height, which Schröter states that he saw upon die 
diso of Mercury and measured, and which Kaiser (^^«rn«»- 
himmel, 1650, g 57) doubts the existence of; or the vjubi- 
lity of an atmosphere round Mercury during his transit ever 
the Sun, asserted by Lemonnier and Messier (Delambre, HwL 
de rAstroHomie an dixkuitihne iiecle, p. 222), or the tempo* 
lary darkening of the surface of the planet. On the occawn 
of the transit which I observed in Peru on the 8th tt 
November, 1803, I very closely examined the outline of tbft 
planet during the egress, but observed no indications of an 
envelope. 



Laplace." Ten years ago the density of Mercury was taken 

as nearly three times greater than the density of the Earth— 
Bft2-ä6 or 2-94, wiien the Eurth =: 1-Oti. 



The mean distance of this planet from the Sun, espressed 
in fractional porta of the Earth's distance from the Sun, ». e. 
60 million geographical miles, is 0'7233317. The period of 
its sidereal, or true revolution, is 224 days, 16h. 49m. 7b. 
No principal planet comes bo near the Earth as Venus. She 
can approach the Earth to within a distance of 21 million 
miles; but can also recede from it to a distance of 144 million 
miles. This is the reason of the great variability of her 
apparent diameter, which by no means alone determines the 
degree of brilliancy." The excentricity of the orbit of Venus 



" " That point of the orbit of Venus in which she o 
appear to us with the briglitest light, so that she may he s< 
at noon even with the naked eye, lies between tbc inferior qi 
junction and the greatest digression near the latter, and ni 
the distance of 40" from the Sun, or from the place of the 
inferior conjunction. On the average, Venus appears with 
the finest light when distant 40° east or west from the Sun, 
in which case her apparent diameter (which in the inferior 
conjunction can increase to 66') is only 4Ü", and the greatest 
breadth of her illumiaated phase measures scarcely 1()". The 
degree of prosimiiy to the Earth then gives the small lumi- 
nous crescent such an intense light, that, it throws shadows ix ~ 
the absence of the Sun." — Littrow, TheoretUcke As(ronomiii 
1S34, Th. ii. p. 68. Whether Copernicus predieted 1 
necessity of a future discovery of tlie phases of Veuus.as i 
asserted' in Smith's Optic», sec 1050. and repeatedly ia many 
other worl«, has recently become altogetlier doubttiil. from 
Professor de Morgan's strict exaraiuation of the work at 

volutionibui, as it has come down to us. — See 



474 COBHOS. 

GxpreaGed, as in all cases, in fractional parts of half the 
major axes, is only 0-006S6182. The diameter of this planet 
ia 6,776 geographical miles; the mass nryffTi' *^^ material 
contents 0'957, and the density 0'94 in comparison to the 
Earth. 

Of the transits of the two inferior planets first announced by 
Kepler after the appearance of his ßudulphinc tahlcs, that of 
Venus is of most importance for the theory of the whole 
planetary system, on account of the determination of the San't 
parallax, and the distance of the Eurth from the Sun deduced 
from the latter. Accordingto Encke's thorough inveetigation 
of the transit of Venus in 1769, the Sun's parallax is S'-SVlie. 
{Berliner Mtrhuch for 1852, p. 323.) A new examination 
.of the Sun's parallax has been undertaken since 1849, bj- 
.command of the Government of the United States, at the 
. Büggestion of Professor Gerling of Maiburg. The porallitx 
is to be obtained by means of observations of Veuua near the 
, easiem and western stationiiry points, as well as by rnicro- 
meter measurements of the diffeieiiccs in the right ascenüoa 
■and declination of well-detcnnined fixed stars in eery different 
latitudes and longitudes. (Schum. Astr. Nachr. No. 599, 
p. 363, and No. 613, p. 193.) The astronomical esped^ 
tion, under the command of the learned Lieutenant Gilliss, 
has proceeded to Santiago in Cliili. 

The rotalion of Venus was long subject to great doubt. 
Dominique Cassini, 1G69. and Jacques Cassini, 1732, found, 
it 23h. 20m., while Bianchini" of Itome, 1726, assumed 



from Adams to the Rev. B. Main, on the 7lh of September, 
1846. in the Report of the Royal Astronomical Society, 'iai. vii. 
No. 9. p. 142. (Compare also Cosmos, vol. ii. p. 7Ü8.) 

" Dclambrc, Hist, de V Astron. dU dixfiuilieitte stielt^ 
pp. 256-258. The result obtaiued by Bianchioi, was sup- 
potted by UuBsey and Flaugerguca; Hou&en also, wbow 
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slow rotation of 2+| days. More acGorat? obserralifflM by 
DeVico, from 1840 to 1^42, afford, by means of a great 
ruraber of spots npon Venus, as tte mean value of her period 
of rotation, 23h. 21' 21'-93. 

These spots are not verv tlistiiict, and are mostly Tariable; 
they seldom appear at the boundary of the separation between 
light and shadow in the crescent-Khaped phase of the planet, 
and both the Herschels, Either and son, are, consequently, of 
opinion that tbey do not belong to the solid surface of the 
planet, but more probably to an atmosphere." The change- 
able form of the horns of the crescent, especially the soathem, 
has been taken advantage of by La Hire, Sehröter, and Madler, 
partly for the estimation of the height of mountains, partly 
and more eqiecially for the determination of the rotation. 
The phenomena of th'i changeabiHty are of such a nature 
that they do not require for their explanation the assumption 
of the existence of mountain-peaks, twenty ge<^;raphical miles 
in height (]2],520 feet), as Schröter of Liheothal stated, bnt 
merely elevations like those which our planet presents in 

authority is justly so great, considered it lo be the more 
probable until 1836. (Schumacher's Jahrbuch for 1837, 
p. 90.) 

" Arago on the remarkable obscrvalion at Lilienthal on 
the 13th of August, 1700, in the Annuaire for 1842, p. 539. 
("Ce qui favorise aussi la probabiUte de I'csiHlenee d'une 
atmosphere qui enveloppe Venus, c'est le resultat optique 
obtenu par I'emploi dune lunette prismatique. L'intensite 
de la lumiei'e de I'interieur du croissant est sensiblement 

Slus faible que celle des points situes dans la partie circulaire 
u disque de la plannte." Amgo, Manuscripts of 18-17. — 
" That circumstance which also favours the probability of 
the eiiateace of an atmosphere surrounding Venus, is the 
optical result obtained by employing a prismatic telescope. 
Tne intensity of the light of the interior of the orescent is 
censibly weaker than that of the points situated in the cir- 
r part of the planet's disc." 



both continents." With the little that we know with cer- 
tainty of the appearance of the surfaces of tlie planets near 
the Sun, Mercury and Venus, and their physical conetitutioii, 
the phenomenon of an ash-coloured light, eoaietimes observed 
in the dark parts, and mentioned hj Christian Mayer, William. 
Herschel," and Harding, also remains exceedingly myste- 
rious. It is not probable that at so great a distance the 
reflected light of the Earth should produce an ash'Colonred 
illumination upon Venus as upon our Moon. Hitherto there 
has been no flattening observed in the discs of the two infsioe 
planets, Mercury and Venus. 

The Eabtit. 

The mean distance of the Earth from the Sun is 12,033 
times greater than the diameter of the Earth ; therefore, 
82,728,000 geographical milesi, uncertain as to about 360,000 
miles (,-Jtj). The period of the sidereal revolution of tha 
Earth round the Sun is 365d. 6h. 9' 10"-7496. The exoea- 
triolty of the Earth's orbit amounts to 0-01679226 ; its moss 
•^ TZ issi ; 't3 density in relation to water, 5-44. Besael's 
inTestigatioa of ten measurements of degrees, gave for tiie 
flattening of the Earth, ^^Vrä- '^^'^ length of a geograpMoal 
mile, sixty of which are contained iu one equatorial degree^ 
951.807 toises, and the equatorial and polar diameters, BSTS'ft 
andC832'4 geographical miles. {Cosmos, vol. i. p. 157, note.) 



■• "Wilhelm Beer and Madler, Beiträge zur Pkytiteitn 
Kennlniss der Himmlischen, KÖi-per, p. 148. The so-called 
moon of Venus, which Fontana, Dominique Cassini, and Short 
declared that they had seen, for which Lambert calculated 
tables, and which was said to have been seen in the centre of 
the Sun's disc, full three hours after the egprcss of Veaus, 
belongs to the astronomical myths of an uncritical age. 
2 Philo». Transact. 1796, vol. liixvi. p. 214. 



TUE XOON. 



Wö reetriot ourselves here to numerical data referring 
to the Earth's figure and motions : all that refers to its 
physical constitation is deferred until the concludlog terrefti 1 
trial portion of the Cosmos. 



^^ The mean distance of the Moon from the Earth 

geog.-aphical miles ; the period of sidereal revolution is 27d. 
7h. •13' n"-5; the escentrioity of her orbit, 0'05'ia442; her 
diameter ia 181C geographical miles, neai'ly one-fourth of the 
Earth's diameter ; her material contents j^ those of the 
Earth ; the mass of the Moon is, according to Lindemon, 
-jy-Vr (according to Peters and SeliidloHsky, j\) of the mass 
of the Earth , her density 0-619, therefore nearly three-fifths 
of the density of the Earth. The Moon has no perceptible 
flattening, but an extremely slight prolongation on the side 
towards the Earth, estimated theoretically. The rotation of 
the Moon upon its asis is completed exactly in the same t 
in which it revolves round the Earth, and this ia probi 
the case with all other secondary planets. 

The sunlight reflected Irom the Moon is in all zones n 
feeble than the sunlight which is reflected by a white cloud 
the daytime. When in detci-mining geographical longitudes 
it is ol^en necessary to take the distance of the Moon from 
the Sun, it is not unfrcquently diflicult to distinguish the 
Moon between the more intensely luminous masses of cloud. 
Upon mountain-heights, which lie between 12,791 and 17.0S7 
feet above the level of the sea, and where in the clear raoun- 
ttun air only feathery cii'ri are to he seen in the sky, 1 found 
the detection of the Moon's disc was muoh more easy, because 
the cirrus reflects less sunlight on account of its louse tex- 

K, and the moonlight is less weakened by its passage 
ugh the rarer stiata of air. The relative degree of in- 
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tensity of the Sun's light to that of the full Moon dcBerrcs a 
new investigation, as Bougner'a universally received deter- 
mination a itT i' i ng ' differs so ividely from the certainly Igbb 
pröbahle one of Wollaston, xsoVoiT'" 

The yellow moonlight appears white by day, because the 
blue strata of air through which we see it present the com- 
plementary colour to yellow." According to the numerous 
observaliona which Arago made with his polariseope, the 
moonlight contains polarized light; it is most perceptible 
during the first quarter and in the grey spots of the Mooa'a 
surface ; for example, in the great, dark, sometimeB rathei 
greenish walled plains; the so-called Mare Crisium. Soch 
walled plains are generally intersected by mountain veins, 
in wlioso polyhedric figure the surfaces are inclined &t 
that angle which is necessary for the polarization of the 
reflected sunlight. The dark tint of the surrounding spaee 
appears in addition to make the phenomenon still more obvious. 
With regard to the luminous central mountain of the group 
Aris/archus, upon which it has been frequently erroneously 
supposed that volcanic action has heen seen, it did not present 
any greater polarization of light than other parts of the 
Uoon. In the full Moon no admixture of polarized light was 
ohservahle ; but during a total eclipse of the Moon (31st of 

" Cosmos, vol, iii. p. 126 and note. 

" "La lurai^re de la Lune est jaune, tandis que celle.de 
Vfenus est blanche. Pendant le jour la Lune parait hlanch^ 
parcequ'ä la lumiSre du disque lunaire ee mele la lumi^ 
bleue de cette paitie de TatmosphSre que la lumi^re jaune 
de la Lune traverse."— Arago, in Mandschr. of 1847, " The 
light of the Moon is yellow, while that of Venus is whitA, 
The Moon appears white during the day, because the blue 
light of that part of the atmosphere which the yellow light of 
the Moon traverses, mises with the light of the lunar disc." 
The most refrangible rays of the spectrum, from blue to viole^ 
unite with the less refrangible, from red to green, to form 
wliitc, (Cosmos, voi. iii. p. 282, note 19.) 



THE MOOS 8 LIGHT. 

May, 1848), Arago detected indubitible signs of polarizati« 
in the reddened disc of tlic Moon, ibe latter being a pb 
menon of whioli we shall speak further on. {^Comptes ret. 
torn, xviii. p. 119.) 

That tlie moonlight is capable of jtrodueing heat'isa. 
covcry which belongs, like bo many others of m}- eelebrntcd 
friend Melloni, to the most important and surprising of our 
century. After many fruitless attempts, from those of La 
Hire to the sagacious Forbes,™ Melloni was fortunate 
enough to observe by means of a lens {leniille A echellaits) of 
three feet in diameter, which was destined for th« meteoro- 
logical station on VesuTius, the most satisfactory indications 
of an elevation of temperature dui'ing different changes of 
the Moon. Mosotti-Lavagna and Bcüi, professors of the 
Universities of Pisa and Pavia, were witnesses of these ex- 
periments, which gave results differing in proportion to the aga 
and altitude of the Moon. It had not at that time (Simimer, 
1848) been determined what the elevation of tempt 
produced by Melloni's thermoscope, expressed in fracti 
parts of the centigrade thermometer, amounted 



■ Forbes, On the Bffraciion and Polarization of Heat, 
Transact, of t/ie Royal Sacielij of Edinburgh, vol. xiü. 
p. 131. 

* Lettre de M. Meüoni ä M. Arago «ar la puit 
calorifique de la Itimiire de la Lune, in the Comptea rmtdus, 
torn. sxii. 1846, pp. 541—544. Compare also on account of 
the historical data the Jahresbericht der Physicaliachen Gasell- 
schafl IK Berlin, Bd, ii. p. 272. It had always appi^ared 
sufficiently remarkable to me that from the earliest times, 
when heat was determined only by the sense of feeling', the 
Moon had first excited the idea that light and heat mi^)it be 
separated. Among the Indians the Moon was called, in 
Sanscrit, the King of the stars of cold ('sitala, hima), also the 
cold-radiating (kiinan'sti), while the Sun was called a creator 
f heat (jniddghakara). The spots upon the Moon, in whieb 
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The ash-grey light with whicli a part of the Moon'a disc 
shines when, some daye before or after the new Moon, she 
presents only a narrow crescent, illuminated by the Sun, a 
earlh-lighc in the Moon, " the reflection of a reflection." 
The lees the Moon appears illuminated for the Earth, so much 
the more is the Earth, luminous for the Moon. But our 
planet shines upon the Moon with an intensity 13^ ümeB 
greater than the Moon upon the Earth; and this light ü 
euf&ciently bright to become ogniu perceptible to us by a 
»econd reflection. By means of the telescope, mountain -peaks 
are distinguiBhed in the ash-grey light of the larger spota 
and isolated brightly- shining points; even when the disciB 
abeady more than half illuminated.*' These phenomeu 
become particularly striking between the tropics and npoa 
the high mountain- plains of Quito and Mexico, Since the 
time of Lambert and Schröter the opinion has become pie- 
Talent tliat the extremely variable intensity of the ash-grey 



rcpreKot; 



'Western nations supposed they diseemed a fa 
according to the Indian notion, a. roebuck or a nare ; Uienoe 
the Sanscrit name of the Moon (mrigadhara), roebuch-heartr, 
or {'sa'aabhril), Jiare-bcarer. (Schütz, Five Hymm of th 
Bhafti-Eävya, 1837. p. 19-:^3.) Among the Greeks it Wu 
complained " that the sunlight reflected from the MoOo 
should lose all heat, so that only feeble remains of it weEC 
transmitted by her." (Plutarch, in the dialogue " De faeia 
gua in orhe lÄmx apparel, Moralia, ed. Wyttenbach, torn. ir. 
OxOD. 1797. p. 793). In Macrobius {Comtn. in .SomniMM 
Scip. i. 19. ed. Lud. Janus, 1B48, p. 105) it is said : " Lna 

speculi instar lumen quo illustratur rursus emittit, ntülma 

tamen ad iios prefercntem sensum csloria : quia lucis radiiUi 
cum ad nos de oiiginc sua, id est de Sole, pervenit, nattuaiB 
secum ignis de quo naseitur devehit; cum vero in Lnne 
coipns i&funditur et inde resplendet, solam refundit clnrilaten^ 
non cnlorem." The same in Macrobius, SalurwU. lib. fii, 
cap. I'i. ed. Bipoiit. torn. ii. p. 277, 
? Madler, A(/-o«. §112. 
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light of the Moon depends npon the greater or less degree of 

reflection of the sunlight which falls upon the Earth, accord- 
ing as it 19 reflected from continuous continental masses, full 
of sandy deserts, grassy steppes, tropical forests, and bmren 
rocky ground, or from lai^e ocean surfaces. Lambert made the 
remarkable observation (Hth of February. 1774) of a change of 
the ash-coloured moonlight into an olive green colour, border- 
ing upon yellow. "The Moon, which then stood vertically 
over the Atlantic Ocean, received upon its night side the 
green terrestrial light, which is rcfiected towards her when 
thesky ieclear by the forest districts of South America."" 

The meteorological condition of our atmosphere modifies 
the intensity of the earth-liglit. which has to traverse the 
double course from the Earth to the Moon, and from thence 
to our eye. " Thtw when we have better photometric instru- 
ments at our command we may be able," as Arago remarks,* 



" See Lambert, Sur la Lumiire Cerxdrie de la Lvne in the 
Mim. del' Acad, de Berlin, annie ITJS. p. 46: "La Terre, 
vue des planetes, pourra paroltro d'une lumi^re verdätre, ä 
pen pros eomme Mors nous pnroit d'une couleur rougefttre." 
" The Earth, seen from the planets, may appear of a green 
colour, much the same as Mars affords to us of a reddish 
colour." We will not, however, on that account, conjecture 
■with this acut« man, that the planet Mara may be covered 
with a red v^etation such as the rose-red bushes of 
BougainviUaea. (Humboldt, Views of Nature, p. 334.) 
'- When in central Europe the Moon, shortly before the new 
Moon, stands in the eastern heavens during the morning 
hour, she receives the earth-light principally from the large 
plateau surihces of Asia and Africa. But if after the new 
Mnon it stands during the evening in the west, it can only 
receive the reflection in less quantities from the narrows 
American continent, and princifially from the wide ocean, 
Wilhelm Beer and Madler, der Mond naeh seimn Cosmisshi 
Verhältnkieji, § 106, p. 152. 

" Stance de I'AcaUhnie des Sciences, Is S Aoüt, 183! 
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" to read in the Moon tlie history of the mean condiHon o( 
the diaphanity of oor atmosphere.'' The first correct expla- 
nation of the nature of the ash-coloured Hght of the Moon is 
aecribed by Kepler {ad ViteUionem Paralipomena, ^ibut 
Astrottomia pars optica traditur, 1604, p. 254) to his hi^ly 
venerated teacher Maatlin. who had made it known in a 
thesis publicly defended at Tübingen in 1596. Galileo spoke 
(Sidereus Nutwius, p. 26) of the reflected terrestrial light, 
as a phenomenon which he had discovered several yea» 



"M- Arago aignale la comparaison dc Tiatcnsite lumineua« 
do la portion de la Lune que lea rayons solairea eclairen{ 
dircctement, avec celle de la partie du meine oslre qui 
re9oit eeuleinent lea rayons reflechis par la Terre. II erat 
d'aprfs les experiences qu'il a dejä tentees ä cet ^garda 
qu'on pouira, avec des instruraens perfectionnes, saisir dan» 
la lamiire cetidrie les diflerencea de I'eclat plus ou moini 
nuageus dc I'ntmoapWre de notre globe. 11 n'est done pai 
impossible, malgre tout ce qu'un pareil r&Bultat esciterait cle 
eurprise au premier coup d'ccil, qu'un jour les met&orologiates 
ailleut puiser dans I'aapeet de la Lune des notions pr^cieuMS 
BUT riial moi/en de diapbanite dc I'atmosphere terrestre, dans 
les hemispheres qui sueoessifement concourrent ä la prodoo- 
tion de la lumiere cendr&e." — " M. Arago pointed out the 
comparison between the luminous intensity of that portion at 
the Moon which is illuminated directly by the solar royii 
and that portion of the same body which receives only Uie 
rays reflected by the Earth. After the espcriments which 
he has already made in reference to this subject, he is of 
opinion that with improved instruments it will be possible to 
detect in the ashy light indications of the differences in 
brighlness, more or less cloudy, of the atmosphere of OUT 
globe. It is not therefore impossible, notwithstanding the 
surprise which such a result may excite on the first view, that, 
one day mettorolo^sts will derive valuable ideas as to the 
mean state of the diaphanity of our atmosphere in the Leiai»- 
pheres which successively contribute to the production of tbo 
aehy light. " ' 



THE aOON S IIGHT. 

previously; but a century before Kepler and Galileo, the 
espianation of terrestrial light visible to us ia the Moon, had 
not escaped the all-embracing genius of Leonardo da Vinei. 
His long-forgotten manuBcripts fumiBhed a proof of this.'* 

In the total eclipse of the Moon, the disc very rarely dis- 
appears entirely ; it did bo, according to Kepler's earliest 
observation ,*" on the 9th of December, 1601, and more 
recently, on tte 10th of June, 1816; in the latter instance 
80 as not to be visible from Loudon, even by the aid of 
telescopes. The cause of this rare and extraordinary phe- 
nomenon must be a peculiar and not sufficiently investigated 
diaphanic condition of individual strata of our atmosphere. 
Hevelius states distinctly that during a total eclipse, on the 
25th of April, 1642, the sky was covered with brilliant stars, 
the atmosphere perfectly clear and yet with the different 
magnifying powers which he employed, not a vestige of the 
Mood could he seen. In other cases, likewise very rare, 
only separate parts of the Moon are feebly visible. During 
a total eclipse, the disc generally appears red ; and, indeed, 
in all degrees of intensity of colour, even passing, when the 
Moon is far distant from the Earth, into a fiery and glowing 
red. While lying at anchor off the island of Baru, not far 
from Cnrthagena de Indias, half a century ago (39th of 
March, 1801),* I obsen'od a total eclipse, and was extremely 
struck with the greater luminous intensity of the Moon's disc 
under a tropical sky than in my native north." The whole 



" Venturi, Essai sar leg Ouvragei de Leonard de Vinci 
1797, p. 11. 

" Kepler, Paralip. vcl Asli-onomie pars optica, 1604, 
p. 297. 

" " On conijoit que la vivacite dc la lumiöre rouge ne 
denend war utiiqupment de I'etat de I'atraasph^re, qui r^I'mcte, 
IS nffaiblis, les rayons solaires, en les eufiechissant 
a le cfine d' ombre, nutis qu'elle est modiÜee eurtout par It 
moin XT. 



phenomenon is known to be a coneeqnenee of rtAacüm, 
since, as Kepler very correclly espreases himself (J'aratip. 
Astron. para Optica, p. 893), the Sun's rays ore inflected" 



transparence variable de la partie äc I'atmosph^re ä traten 
Inquelle nous aporccvons la Lune feclipB^e. Sous lee tropiquM, 
line gronde s^r^nite du ciel. une dissemination uniforme du 
Tftpeura diminuent I'eslinotian de la lumidre que le disque 
lunairc nous tenroie." — Humboldt, Voyage aux Rigions fig» 
noxiales, torn. iii. p. 544; aud Mecueil dOhserv. Atirono- 
fniques, vol. ii. p 145. " It mny easily be «nderstoodthat the 
intensity of the red light does not depend solely upon tfa 
etate of the atmosphere which reEmcts more or less feebly the 
solar rays by inflectinj; them into the shadow cone, but tliat tt 
is especially modified by the variable transparency of that 
part of the ntmosphere across which we perceive the eclipsEd 
Moon. Under the tropica a great serenity of sky, an unifon 
dieaeminntion of vapours, diminish the extinction of the H^ 
which tlie lunnr disc eends towards us." Arago □bscrveri 
" Lea rayons solaires anivent ä notre satellite par I'effet d'nne 
rfefraction et ä la suite d'une absorption dans les couches lei i 
plus bases de I'afmosph^re terrestre ; pounaient-ila UToär line j 
autre teinte que le rouge?" — Annuaire for 1842. p. fiU. | 
'*' The Bolnr rays reach our placet by the effect of a refracttgq, 1 
and subsequently to an absorption (pnrtinl) in the lower 
strata of the Earth's atmosphere. How can they have an; 
other colours than red ?" 

"• Bsbinet declares the reddenin!» to be a consequence tit 
diffraction, in a memoir ns to the different share of the «hilCt 
Uue. and red lights which are produced by the infiectiOB; 
see his Heflections upon the Toial Eclipse of the Kloon oa 
the 19th of March. 1848. in Uoignos Repertoire d OfiHgm 
JHotieme, 18S0. torn, iv p. 1656. ■' La liimiire difl'ract^qd 
pfenfitre dans I'ombre de la Terre, predoinine toujoun M 
m^me a cte Beule sensible. Elle est d'autnnt plus itmge OV 
orangee qu'elle se trouve plus pr^s du centre de rotnbA 
gtom^ti'ique ; enr se sent Ics rayons les moins refmngiUe* 
qui se propngent le plus abondnmment par ditt'racliaa, t 
mesore quoa s'eloiime de In propngation en ligne droile.*— 
"The diJQracted liglit which peuetmtcs into the EntM 
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hj their possa^ tbroagh the atmoEphcre, and thrown into 
the shadow cone. The reddened or glowing disc ia moreovier 
never uniformly coloured. Some plac«s always appcftr 
darker, and are at the «ame time cootinually chaDging colour. 
The Greeks had formed a peculiar and curious theory wilb 
respect to the difierent oolours which the eclipsed Uooa was 
said to present according to the hour at which the edipee 
took pkee." 

chadow, always predominated, and was indeed alone Eensibla. 
It was the more red or orange, in proportion as it was nearer 
to the geometrical centre of the shadow ; for those rays 
which are least refrangible are those which are propagated 
most abundantly by diffraction, in proportion as they differ 
from a rectilinear cotirse." The phenomena of diffi-actioa 
take place os well in a vacuum, according to the acute iaveO' 
tigntioDS of Magnus (on the occatiioQ of a discussion betwees 
Airy and Faraday). Compare, in reference to the explana- 
tions by diSraction in general, Arago in the Antiuaire for 
1846. p. 452-455. 

" Plutarch (De F^cie in orhe lAota), Aforal. ed. Wylten. 
torn. iv. p. 780-7S3 ; " The fiery, charcoal-like glimmering 
(difd/iaicoEif^i) colour of the eclipsed Moon (about the mid- 
night hour) is, as the mathematicians affirm, owing to the 
change from bkick into red and bluish, and is by no means to 
"be considered as a characlcr peculiar to the earthy surßice of 
the planet." Also Üio Cusaius (Ix. 26, ed. Sturz, p, iii. 
p. 779). who occupied himself especially with eclipses of the 
Moon, and tlie remarkable edicts of the Emperor Claudius, 
which predicted the dimeiuions of the eclipsed portion, directs 
attention to the Tery different colours which the Mooa 
assumed daring the conjunction. He says, (Isv, 11. torn. iv. 
ji. 185, Sturtz,) "Great was the eicitemeot in the camp of 
Vitellus, in consequence of the eclipse which took place that 
night. The mind was filled with melancholy apprehensions, 
not BO much at the eclipse itself, although that might appear 
to predict misfortune to an miquiet mind, but much more 
from the circumslauce that the Moon diapiajed blood-ted, 
jk, aad other gloomy colours." 
o 2 



During the long dispute as to the probability or impro- 
bability of an atmospheric envelope lound the Moon, accurate 
occultation observations hove proved that no refraction takei 
place on tho surface of the Moon, and that consequently the 
assumption made by Sehrötei" of the esistence of a lonar 
atmosphere and a lunar tioilight are disproved. " The com- 
parison of the two values of the Moon's diameter which maj 
be respectively deduced from direct meaBurcmcnt, or from the 
length of time that it remains before a fixed star during the 
occultation, leaches us that the light of a fixed star is net 
perceptibly deflected from its rectilinear course at that raomeat 
in which it touches the Moon's edge. If a refraction took 
place at the edge of the Moon, the second determination of 
her diameter must give a value smaller by twice the amount 
of the refraction than the former; but on the contrary, boti 
determinations correspond so closely in repeated determina- 
tions, that no appreciable difierence has ever been dß- 
tected."" The ingress of stars, which may ho particularly 
well observed at the dark edge, takes place suddenly, and 



" Schröter, Selenolopoffrapktschle Fragmente, lb. i. 179I| 
p. 668; th. ii. 1602. p, fi2. 

" BcBsel, Ueber erne angenommene Atmosphäre des Sfondu 
in Schumacher's Aitron. Nachr. No. 263. pp. 416-430. 
Compare also Beer and Madler, der Mond'^, § 83 and 107, 
pp. 133 and 153; also Arago, in the Annuaire for IS4G, 
pp. 346-353. The frequently mentioned pi-oof of the existenctt 
of an atmosphere round ihn Moon, derived from the greater or 
less perceptibility of small superficinl configurations and " 0x9 
Moon-clottdn moving round m the valleys," is the most rn* 
tenable of all, on account of the continually, varying conditica 
(darkening and brightening) of the upper strata of our own 
atmosphere. CoDBiderations as to the form of one of Ha 
Moon's horns on the occasion of the solar-eclipse on the 5th of 
September, 1793, induced William Horschcl to decide ajaiiri 
the assumption of n lunar atmosphere. (^Philos. TrantaaL 
■vol. Isixiv, p. 107.) 
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thoTit gradunl dirainntion of the star's brilliancy; just 
BO the egreas or reappearance of the star. la the case of the 
few exceptions which have been described, the cause may 
have consisted in accidental changes of our atmosphere. 

If, however, the Earth's Mooa is destitute of a gaseous 
envelope, the stars must appear then, in the absence of all 
diSuse light, to rise upon a black sky ;^ no air-wave can 
there convey sound, music, or laugimgc. To our im agination, 
80 apt presumptuously to stray into the unfathomable, the 
Moon is a voiceless wilderness. 

The phenomenon of apparent adherence on and within the 
Moon's edge," sometimes observed in the occultation of stars, 
can scarcely be considered as a consequence of irradiation, 
which, in the narrow crescent of the Moon, on account of the 
very different intensity of the light in the ash-coloured part 
of the Moon, and in that which is immediately illuminated by 
the Sun, certainly makes the latter appear as if surrounding 
the former. Arago saw during a total eclipse of the Jloon, a 
star distinctly adhere to the slightly luminous disc of the 
Moon during the conjunction. It still continues to be a 
subject of discussion between Arago and Plateau whether the 
phenomenon here mentioned depends upon deceptive percep- 
tion and physiological causes," or upon the aberration of 

" Madler, in Schumacher's Jahrituch für 1840, p. 188. 

* Sir John Herschel {Outlines, p. 247) directs attention to 
the ingress of such double stars as cannot be seen separately 
by the telescope, on account of the too great proximity of the 
individual stars of which they consist. 

" Plateau, Sar l' Irradiation, in the Mhn. de tÄcad. Royah 
des Sciences et Belles- Leltres de Bruxelles, tom. si. p, 142, 
and the supplementary volume of Poggondorffs Annalen, 
1842, pp. 79-128, 193-232, and 405 and 443, "The probable 
cause of the irradiation is an irritation produced by the light 
l','S{K>c the retina, and spreads a little beyond the outline of the 



epheiicitjr and refrangibiUty of the eye." Those ctnes in 
which it has been asserted that a disappearance and rct^ 
p»amnce, and then a repeated ilisappearance, have been' 
observed during an occultatlon, may probably indicate Üie- 
ingress to have taken place at n part of the Moan's e^ 
which happened to be deibrined by moiiatam decEvitiea and, 
deep chasms. 

The great differences in the reflected light {rom porticnlK 
regions of the illuminated disc of the Moon, and cspecinllj 
the absence of any sharp boundary between the inner edge of 
tke illtimiDatcd and ash-colaured ports in the Moon's pluues, 
led to the formation of several very rational theories as to 
thtt inequalities of the surface of our satellite, even at a verj 
remote period. Plutarch says distinctly, in the small bot 
very remarkable work On ike Face i/i the Moon, tliat wt maj; , J 
sup])ose the apoU to be partly deep chasms and valle^fl 
partly motuUoia peaks, " which cast long sbadowg, tÜafl 



" Amgo, in the Cnmples Rcjidna, torn. viii. 1839. pp. T18 
and 833. "Les ph^nomenes d* irradiation signal^a par H. 
Fhitenu sent regurd^s par M. Ariigo comme Ics em:t9 i» 
aberrations de refrangibilit^ et de spb^ricit^ de I'leil, comUitta 
avec Liu distinction de la vision, consequence des circonstancH 
dans lesquelles les obseivateurs se sont places. Des meanm 
exDctea prises sur des disquea noirs i fond blanc et in 
disques blancs ä fond noir, qui etoient places au Palais do 
Lusembout^, vi^ibles ä Vob^ervatoire, n'ont pas isdiqa£ Its I 
effets de 1' irradiation." "The phenomena of irradiation poinldt | 
out by M. Plateau are rep;iirded by M. Arago as the eflta» 
of the aberration of aphcriuity and refrangibility of the ey«v 
combined with the indisiinctness of vision consequent vtfML i 
the circumstances in which the observers are placed. Ite i 
exact measurement taken of the black discs upon a KhiWl 
ground, and the white discs u]K)n a black ground whicli w 
phteed upon the palate of Luxembuurg, and risiblo at dw'^ 
Observatory, did not present any phcuumena of irradi 
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Mount Athos, whose shadow reaches Lemnos."" The speU 
cover about two-fifths of the whole disc. In a clear atmo- 
sphere, and under fuvoumble circumstances in the position of 
the Moon, some of the spots are visible to the naked eye ; the 
ridge of the Apennines, the dork wolled plain Gi-imaldas, 
the detached Mare Crisium, and Tycho^ crowded iBund with 
numerous mountain ridgos and cratera. It has been affimied, 
not without probability, that it was especially the aspect of 
the Apataine chain, which induced the Greeks ta consider 
the spots oa the Moon to be mountains, and at the same time 
to associate with them the shadow of Mount Alhos, which 
in the solstices reached the Brazen Cow upon Lemnoa. 
Another very faatastio opinion was that of Agesinas, dia- 
pnted by Plutarch, according to which the Moon's disc was 
supposed, like a minor, to present to us i^ain, catoptrically, 
the coaGgmBtion and outline of our continent, and the nater 
sea (the Atlantic), A very similar opinion appears to have 
been preserved to this time as a popular belief among the 
people in Asia Minor." 



"Plutarch, MoraleA. Wyttoo. torn, iv. pp. 786-789. The 
shadow of Athos, which was seen by the tmveller Pierre 
Beton {Obnervationa de aingularitis troicv^er en Grece, Aüe, 
etc. 1554, lir. i. chap. 25), reached the brazen cow in the mar- 
ket-town Myrine iu Lemnoa. 

■ Proofs of the visihihty of these four objects, see in Beer 
and Mädler, der Mond, pp. 2-11. 338, 191. and 390. It is 
scarcely ncceEsory to mention that all which refers to the 
topogniphy of the Moon's surface is derived from the excel- 
lent work of my two friends, of whom the second, William 
Beer, was taken fi'om us but too early. The beautiful 
Uebersichtshlatt, which Mädler published in 1837. three yeara 
after the large mop of the Moon, consisting of tlu'i'e sheets, ia 
to be recomtnendtd for the purpose of more easily becoming 
acqnüinted with the beai-in^js. 

" Piul. JJe/acie in orbe LutUB^^, 726-729, Wytten. Thia 



I 



490 . eosicoB. 

By the careful application of lat^ teleacopes, it has gra- 
dually becoiuB possible to construct a topographical chart of 
the Moon, based upon, actual obseirations; and since, in the 
opposition, the entire half-side of the Earth's satellite pre- 
seuta itself at the same moment to our iavestigation, we 
know more of the general and merely formal connection of 
the mountain groups in the Moon, than of the orography 
of a whole terrestrial hemisphere containing the interiors of 
Africa and Asia. Generally the darker parts of the disc 



passage is, at the same time, not without interest for ani 
geography. — Sec Humboldt, Examen critique de VHUt. dt 2a 
Geogr. tom. i. p. 145. With regard to other views of the 
ancients, see Anaxagoras and Democritus, in Plut. de plae. 
fhiloi. ii. 25; Parmenides, in Slob. pp. 419, 453, 516, and 
563, ed. Heeren; Schneider, Echgte physiea, vol. i. pp. 43»- 
443. According to a very remarkable ]iassage in Plutarch's 
Life of Nicias, cap. 42, Anaxngoras himself, who calls " 
mountainous Moon another Earth." had made a drawing of 
the Moon's disc. (Compare also Origines, Philosophumma, 
cap. 8, ed. MUlleri, 1S51, p. 14.) I was once very much 
astonished to hear a very wcU-educatcd Persian, from Ispahan, 
who certainly had never read a Greek book, mention, when I 
showed him the Moon's spots in a large telescope in Paris, 
the hypothesis of Ageainas, (alluded to in the teat,) as to the 
reflection, as a widely-diffused popular belief in hia countiy. 
"What we see there in the Moon," said the Persian, "is 
ourselves; it is the map of our Earth." One of the interlo- 
outora in Plutarch's Moon-dialogue, would not have expressed 
himself otherwise. If it can be supposed that men are inha- 
bitants of the Moon, destitute of water and air, the Earth, 
witli its spots, would also present to them such a map upon S 
nearly black slcy by day. with a surface fourteen times greater 
than that which the full Moon presents to us, and always in 
the same position. But the conBlantly varying clouds and 
obscurities of our atmosphere, would confuse the outlines of 
the contments. — Compare Madler'a Astron. p. 169, an<j f* 
Joha Hensohel, Outlines, % 436, 



tiie lower and more level; the hrighler parts, reflecting mi 
Sun-light, are the more elevated and mounUiinous. Keplc 
old dcBcription of the two as sea and land, has long been 
giveu up; and the accuracy of the explanation, and the oppo- 
sition, was already doubted by Hevel, notwithstanding the 
similar nomenclature introduced by him. The circumstance 
principally brought forward aa disproving the presence of 
surfaces of water on the Moon, was that in the Bo-called 
seas of the Moon, the smallest parts showed themselves, upoa 
closer examination and very different iUumination, to be 
completely uneven, polyhedric, and consequently giving much 
polarized light. Arago has pointed out, in opposition to the 
arguments which have been derived from the in-egularities, 
that some of these surfaces may, notwithstanding the irregu- 
larities, be covered with water, and belong to the bottoms of 
seaa of no great depth, since the uneven craggy bottom of the 
ocean of our plunet ia distinctly seen when viewed from a 
great height, on account of the preponderance of the light 
issuing from below its smface, over the intensity of that 
which is reflected from it. [Annuaire du Bureau des Lmi- 
gitjides pour 1836, pp. 339-343.) In the work of my 
friend, which will shortly appear, on astronomy and photo- 
metry, the probable aoseuce of water upon onr satellite will 
be deduced from other optical grounds, which cannot be 
developed in this place. Among the low plains, the largest 
surfaces are situated in the northern and eastern parts. The 
indistinctly bounded Oceaiius Procellarum, has the greatest 
extension of all these, being 360,000 geogrnphieal miles. 
Connected with the Mare Imbrium (64,000 square miles), 
the Mare Nubium, and to some extent with the Mare Humo- 
ttitn, and surroundiog insular mountain districts (the Hiphtei, 
Kepler, Capernicua, and the Carpathians), this eastern part of 
the Moon's diso presents the most decided contrast to the 
ImninouB south-western district, in which mouataiit is crowded 






upon monntain." In the nortb-west region, two basin» pre- 
BCDt themselves as being more shut in and isolated, the Mar» 
Criniim (12,000 square miles), and the Afare Tran^uiililalU 
(23,200 square miles). 

The colour of these so-called seca is not m all casRS grey. 
The Mare Crisiam is grey mixed with dark-green, the Mar» 
Serenitatit a.aä. Mare Humorvm ore likewise green, Neardie 
Bereynian mountains, on the contrary, the isolated oirennu 
VoUation Licktaabertj presents a pale reddish colour, the i 
as Paliis Samnii. Circular surfaces, without central m 
tains, haye for the most port a dark steel-grey colour, bordeit 
ing upon bluish. The causes of this great diversity in 
tints of the roeky surface, or other porous maleriab whidi' 
cover it, are extremely mysterious. While to the northwaids 
of the Alpine mouatains. a large enclosed plain, Plato (called 
by Hevel, Lacua niger major), and still more Grimaldu» m 
the equatorial region, and Endymion on the north-west e 
are the three doi'kest spots upon the whole Moon's discr 
Ariitarehus, with its sometimes almost star-like shining 
points, is the brightest and roost brilliant. All these alter- 
nations of light and sbndc affect an iudixed plate, and maj Iw . 
represented io Daguerreotype by moans of powerful magni- 
fiers, with wonderful truthfulness. I myself possess suclk » 
moonlight picture of 2 inches diameter, in which the 80-callei 
sea» and ring-formed mountains are distinctly percoptible; t 
was esccuted by im excellent artist, Mr. Whipple of Bostm. 

If the cirenlar form ia striking in some of the sea» ( Crinam, 
Serenitalis, and Hvmoram), it is still more frequently, imleoi 
almost universally, repeated in the mountainous part of ti 
disc; especially in the configuration of the enormoua mmi 
tain-masses which occupy the southern heraisphei-e from li 
pole to near the equator, where the moss runs out in n gnnnL 



" Beer and Uädler, p. 273. 
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Hfony of the asnalar elevations and inclosed plains (aiwoTdiDg 
to Lohnnanu tlie largest arc more than 4,000 square miles in 
extent) form connected series, and indeed in the direction of the 
meridian, between 5° and 40" South Latitude." The northern 
polar region contains comparatively few of these crowded 
■moanlain circles. In the western edge of the northern hemi- 
aphere, on the contrary, they foi-m a connected group between 
20° and 50° North Latitude. The North Pole itself is within 
a few degrees of ihe Mar» Frigoris, and thus, like the whole 
lerel north-eastern space, includiog only a few isolated annu- 
lar mountains {Plato, Matron, Aristarch, Copernicus, and 
Kepler), presents a great contrast to the South Pole, entirely 
covered with niountaina. Here lofty peaks shine during 
whole lunations in eternal light, in the strictest sense of the 
word; they are true Uyht islands, which become perceptibly 
even with feeble magnifying powers.*^ 

As exceptions to this type of circular and annular eonfigu- 
rations, so universally predominant upon the Moon, are the 
Mtoal mountain -chains which occur almost in the middle of 
the northern half of the Hooa {^Apm'aines, Caucasvis, and 
Alps). They extend from south to north in a slight curve 
towards the west, through nearly 32° of latitude. Innumer- 
ftWe mountain-crests, and exiraordinary sharp peaks, are here 
thronged together. Pew annular mountains, or erater-Iite 
depressions, ore intermingled {Conon. Hadley, Calippus), and 
the whole resembles more the configuration of our mountaia- 
ohains u[>on the Earth. The lunar Alps, which are inferior 
in height to the lunar Caucasus and Apennines, present a 
remarkable broad transverse valler/, which intersects the choioi 
from Bouih-east to north-west. It is surrounded by monntain*- 
peaks, which exceed in height that of Teneiifie. 

*> Schumacher's Jahrhtich Cor 1841, p. 270. 
•' Mädlur, Asiron, p. 1Ö6. 
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The relative height of the elevations, in proportion to the 
diameters of tbe Moon and the Earth, gives the remarkable 
result, that since in the four times smaller satellite the 
higliest peaks ore only 3,836 feet lower than those of the 
Earth, the lunar mountains amount to ^-Jj, the mountains OH 
the Earth to ,j'g, of the planetarj- diameters.** Among the 
1,09S points of elevation already measured upon the Moon, I 
find 39 are higher than Mont Blano (16.944 feet) and 6 
higher than 19.000 feet. The measurements were effected 
cither by light tangents (by determining the distance 
of the illuminated mountain-peak on the right aide of the 
Moon from the boundary of the light), or by the length ot 
the shadows. The former method was already made use of 
by Qalileo, as is seen from his letter to the Father Grienbergei 
upon the Monliiositä delta Luna. 

According to Madler's careful meastirements by means of 
the length of the shadows, the culminating points of the 
Moon are in descendiog order at the south edge, very near üie 
Pole, Dor/el and Leibnitz, 24,297 feet ; the annular moimtwn 
Newton, where a part of the deep hollow is never lightest 
neither by the Sun nor the Earth's disc. 23,830 feet; 
Casatui, eastward of Newton^ 22,8120 feet; Calippua, in the 
Caucasian chain, 20,396 feet; the Appenines, betucen 17.908 
and 19.182 feet. It must be remarked here, that in tlie 
entire absence of a general niveau-liiie (the plane of equal 
dtstauce from the centre of a cosmical body, as is presented 



" The highest peak of the Himalnyns, and (up to the pn- 
eent time!) of the whole Earth, Kinchin-junya, is, accordinB 
to Waugh'a recent measurement, 4.406 toises, or 28,171 
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English feet; the highest peak among the Moon's mouutaiiu 
is, according to Madler. 3,800 toisca (exoctly 4 gcoin-aphical 
miles). The diameter of the Moon is 1,816, tliut of the 
Earth 6.872 geographical miles: whence it follows for 
Moon jjy, for the Earth -j^Vr- 
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on our planet by the level of the sea), the ahsoluto heights 
are not to be compared etrictly with each other, since the six 
numerical results here given, properly express only the differ- 
ences between the peaks and the immediiitely sun'OunUtng 
plains or hoUona.** It is, however, very remarkable that 
Galileo likewise assi^ed to the loftiest lunar mountnins ttie 
height of about 4 geoErnphieal miles (24,297 feet) "ineiVca 
miglia quatro" and in accordance with the extent of his 
hypsometric knowledge, considered them higher than any of 
the mountains on the Earfh. 

An extremely remarkable and mysterious phenomenon which 
the surface of our satellite presents, and which is only optieully 
connected wich a refleetiou of light, and not hypsometrieally 
■with a difference of elevation, consists in the narrow streaks 
of light which disappear when the illuminaiing rajs fall 
obliquely; but iu the full Bloon, quite in opposition to the 
Moon-spots, become most visible as systems of rays. I'hey 
are not mountain veins, cast no shadow, and' run with equal 
intensity of light from the plains to elevations of moi'e tJian 
12,780 feet. The moat extensive of those ray-systems com- 
mences from Tyc/ia, where more than a hundred stieaks of 
light may be distinguished, mostly several miles broad. 
Similar systems which snrrouud the Arisiarchus, Kepler, 
Copernicus, and the Carpathians , are almost all in cnTincc- 
tion with each other. It ia difficult to conjecture, by the aid 
of induction and analogy, what special transformations of the 
surface give rise to these luminous, ribbon-like rays, pro- 
dding from certain annular mountains. 

; frequently mentioned type of circnlar configuration, 
paost everywhere preponderating upon the Moon's disc, in 



sis heights which exceed 19,182 feet, sec Ccer 
d Madler, pp. 99, 12S, 234, 242, 330, and 331. 



the walled plains which frequently Burround central iwi 
tains; in the large annular moimlains and their craters (21 
are counted close together in Eager, and 33 in jilbategiüvi), 
mafit have early induced a dccp-thinker like Itobeit Hooke, 
to ascribe such a form to the reaction of the interior of the 
Moon upon the exterior. " The action of Euhterroncan fire, 
and elastic eruptive vapours, and even to an ebullition in 
eruptive bubbles. Expcrimenls with thickened boiling Hme 
Solutions appeared to him to confirm his opinion; and ths 
circumvallaCions, with their central mountains, were at that 
time already compared with " the forms of ^tna, the peak 
of Tenerifie, llecla, and the Mexican volcanoa described by 
Gage." ** 

One of the circular plains of the Moon reminded GaHleo, 
aB he himself relates, of the configuration of conntriei 
entirely surroimded by monntains. 1 have discovered & 
passage" in which he compares these cirenlar plains of tin 
Mood with the great inclosed basin of Bohemia. MaafsS 
the plains are in &ct not much smaller; for they k»« r 



•* Robert Hooke, Micrographia, 1667. Oba. Ix. pp. 242- 24«. 
"These seem to me to huvc been ilie effects of some morion« i 
within the body of the Moon, analogous to our earthquakes, 
by the eraption of which, at it has thrown up a brim or ridge 
round about, higher than the ambii^nt surface of the Mooi^ 
so has it left a hole or depression in the middle, proportion- 
ably lower." Hooke siiys of his experiment with boiling 
alabaster; that '■ presently ceasing to boyl, the whole surfttce 
will appear all over covered with amoll pits, exncily shapeä 
like Üiose of the Moon, The earthy puit of the Moon DBS 
been undeimined, or heaved up by ei-uptions of vnpoura, anl 
thrown into the same kind of figiuwl holes as the powder of 
aiaboBter. It is not improbable also, tiiat there may be 
eeneratcd within the body of the Moun, divei's such kind of 
internal fires and heats as may produce exhalations." 

" C'otmot, vol. ii. p. 701, note 
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dittTtieter of rrom 100 to ISO gcograptiical mile«.* On tke 
contrary, ibe real annular mounfatini scarcety exceed 8 or 
12 miles in diameter. Conen in the Apenmti^ is 8; and 
a crater which belongs to the shining region of Arit- 
tarchus, is said to present a breadth of only 25,376 feet, 
esattly the half of the diameter of the crater of Buca- 
Pichincha, in the t&ble-Iand of Quito, measured trigioo- 
metriciiUy by myself. 

Since we have in this place adhered to compnrisonB with 
well-known terrestriat phenomena and relations of magnitude, 
it is nceessory to remark that the greater part of the plains 
and annular mountains of the Moon, are to be considered in tlie 
£rst place as craters of elevation, without continuoa» pheno- 
mena of eruption in the sense of the hypothesis of Leopold 
von Buch. What, according to tbc Enropean stondorH, we 
call great upon the Earth — the elevation crater of Eocca 
Monsina, Palma, Teneriife, and Santorin — hecoines insiguifi- 
caot when compared with Ptolemy, Hipparchua, and many 
others of the Moon. Palma has only 24,297 feet diameter; 
Santorin. according to Captain Graves, new meOGurement, 
33.1-18 feet; Tenerifle. at the utmost, 63,298 feel: conse- 
quently, only only one-eighth or one-sixth of the two crati 
of elcvQtioD of the Moon just mentioned. The small 
of the Peak of Teneriffe and VesuTius (from 319 to 4i 
in diameter) conld scarcely be seen by the aid of teleaoop«. 
The by far greater numler of the annular mountains have no 
cential mountain; and where there is one, it is described oa 
being dome-formed or level (llevelitu, Macrohiua), not as 
an empled cone with a» opening." The active volcanos. 
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" Beer and Madler, p. 126. Ptolematus is 96 miles in 
diameter: Alphons and Hipparchus 76 miles. 

•' Arzac/ul and Hercules are eupposed U> he exceptions: 
the fiarmer to have a cratei upon its summit, the Gccond a 



whicb art stated to have been seen in the riglit side of the 
Moon (May 4, 1783); the phenomena of light in Plalo which 
Bianchini (August 16, 1725), and Short (April 22, 1751), 
obseired, are here mentioned only as of historical interest; 
since the eourcos of deceptiou have long been fathomed, and 
lie in the more powerful reflection of the terrestrial lig^ 
which certain parts of the surface of our planet throw npao 
the ash-coloured night side of the Moon." 



lateral crater. These points, important in a geognostic poist 
of yiew, deserve fresh investigation with more perfect inetn- 
ments. (Sehrotcr, Selenolopngrapkische Fragmente, TT», ü. 
tab. 44 and 68, fig. 23.) Hitherto no signs hove ever been ] 
detected of lava streams collected in deep hollows. Th« I 
radiated lines which issue from Arhtolehs in three directiont, j 
are ranges of hills. (Beer and Mädler, p. 236.) ' 

•• Op. cil. p. 151. Arago, in the Annuaire for 1843. 
p. 526. (Compare also Immanuel Kant, Schriften der Phf- 
sixchen Geographie, 1839. pp. 393^02). According to recent 
and more complete investigations, the temporary changes laid 
to have been observed upon the surface of the Moon (aw 
formation of new central mountains and craters in the Mar« 
Criaium, Hevelius, and Cleomedes), are illusions of a sirailsr 
nature to the supposed volcanic ertiptlona perceptible to v 
upon the Moon. (See Schröter, Sehnolopor/raphUcke Fivi 
menle. Th. i. pp. 412-523; Th. ü. pp. 268-272.) "'' 
question, what is the smallest object whose height can be 
measured with the instrument» which are at present at oiir 
conunand? is in general difGcult to answer. According to L 
the report of Dr. Robinson upon the beautiful reflecting tele- ' 
scope of Lord Rosse, extents of 220 feet (80 to 90 yat^) 
are discerned with the greatest distinctness. Mädler ealcQ- 
lates, that in his observations shadows of 3* were capidilo 
of being measured, a Irngth which, under certain presupix»- 
tions as to the po^^ition of a mountain, and the olliiude of tha J 
8un, would indicate a mountain elevation of 120 feet Uu»-1 
ever, he points out, at the same time, that the shadowa roRit I 
have a certain di'grec of breadth, in order to be visible .indl 
measurable. Tho shadow of the great pyramid of Cfaeoji^ ' 
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Attention has been repeatedly, and with justice, directed 
to the fact, that in the absence of ivatcr upon the Moon 
(even the rills, very narrow mostly rectilinear holiows," ai'e 
not rivers), we must represent to ourselves the surface of the 
Moonasbeingsomewhat similarly constituted as was the Earth 
in its primitive and most ancient condition, whUe yet unco- 
vered flötz strata, by hoiddera and delrltua, which were spread 
out by the transporting force of the ebb and flood or currenU. 
Sua and Earth floods are naturally wanting ; where the liquid 
element is absent, slight coverings of decomposed conglo- 
merates are scarcely conceivable, In our mountain-cliains, 
upheaved upon fissures, partial groups of elevations are begin- 
ing gradually to be discovered here and there, forming, as it 
■were, e^-shaped basins. How entirely different the Earth's 
surface would have appeared to us if it were divested of the 
flotz and tertiary formations ! 

The Moon, by the variety of its phases, and the more rapid 
change of its relative position in the sky, animates and beau- 
tifies the aspect of the firmament under eveiy zone more 



according to the known dimensions of this monument (euper- 
ficial estent) would he, even at the point of commencement, 
scarcely one-ninth of a second broad, and consequently invi- 
sible. (Madler, in Schumacher's Jakybuuh for 1 841, p. 264.) 
Arago calls to mind, that with a 6,000-fold mngnifyiiig 
power, which, nevertheless, could not be applied to the Moon 
with proportionate results, the mountains upon the Moon 
would appear to ua just as Mont BLinc docs to the naked eye 
when seen from the Lake of Geneva. 

** The rills do not occur frequently; are at the utmost 
thirty miles long; sometimes forked (Gassendi); seldom 
resembling mineral veins (Triesnecker) ; always luminous; 
do not cross mountains transversely ; are peculiar to the level 
landscapes; are not characterized by any peculiarities at the 
terminal points, without becoming broader or uart'owcr, 

Keer and Madler, pp. 131, 225, aad 2-19.) 
Vol. ly. p 
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tlian all the other plnnets. She sheds her ngreeablo light 
jxpoa men, more especially m the primitive forests of the tro- 
pical world, and the heasts ol' the forests." The Moon, in 

* See my Essay upon the Noctamal Life of jInimaU n» 
th« Prinuteal Forest, in the Vieva of Nature, Bohn's edp 
p. 198. — Laplace's reflections upon a perpetual moonlight 
\lkpogilion du Systhne du Monde. 1824, p. 232) have met 
with a diitproval in the Mim. ofLiounilie sar tin eat partiat- 
lUr du prubltm des Trots Carpi. Laplace sayii: "Quelquc* 
partiKons des causes finnles ont imn^inS que la Lune a t^ 
doiinee k la Terre pnnr leclairer pendant les miits; dans w 
oas, la natui'e n'aumit point Btteint le but qii'elle se serait 
proposal puisque uoua scinmes aouvent privfes ä la foi» de U 
lumiere clu Suloil et de celle de la Lune. Pour y parvenir, Ü 
etkt suili de mettre ä rori^^ine la Lune en O|iposition areo b 
Suleil dans le plan m^me de Tecliptique. k une distance igÜB 
i la ceiiti^me partie de la distance de la. Tei-re bu Soleil. et dff 
donner k In Lune et ä la Terre des vitesses paralleles et pm* 
portioimelles k Icurs distancea ä cet astre. Alora Lt Lune, 
sans ccese en opposition au Soleil. efit d^crit autour de Isi' 
nne ellipse semblable ä edle de la Terre; ces deux astrea M- 
wraieat succ^de I'un k I'autre sur Vhori^on ; et comme k cetU 
distance ta Lune n'ebt point ^ik eclipa^e, sa lumiei'e auntit 
AeTtainement remplace celle du Soleil." " Several parb^o» 
of final causes have imagined that the Moon has been ^ren 
to the Earih to light it during the ntght ; in that co:^, nuun 
«■Duld not have attained the object which she had proposed« 
because n-c are frequently deprived at the same time of tlw 
light of the Sun and Moon. To have attained tliis end, it 
iruuld have been snIBcieut in the be(;inning to place the MoOB 
in opposition with the Sun, in the same plane of the ecliptiCi 
at a distance equal to the hundredth part of the distune« at 
the I'^th from the Sun, nnd to give to the Moon and t&A 
Surth velocities pandlel and proportional to their distoaow 
from that body. Then the Moon, constantly in opposition ta 
the Sun, would have desunbed an ellipse round it like that of 
the Earth ; these two bodies would have succeeded cooli other 
in the horizon, nnd as at that distmce the Moon would ner«r 
have been eclipsed, its Ught would eertaiuly hare raplaecd 
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tue of the attractive force vhich she exercises iA oommoa 
li the Sun. eseiies motion in oar ocean — the liquid portÜHi 
of the Earth — gradually changes the Burface by periodical 
floods, and the outlines of continental coasts, by the dcstmc- 
tive agency of the tides, hindeis or fevoure the labour of 
men; affurds the greater part of the material from which 
sandstones and conglomerates are formed, and which are 
again covered by the rounded, Iook transported detritus.*' 
Thus the Moon, as one of the soorcea of motion, continues to 
act upon the ge»^nostic relations of our planet. The indis- 
putable" influence of the satellite upon atmospheric pressure. 



that of the Sua." LiouTille finds, on tha contrary; "Que, 
si la Lure avail opcupe ä t'oriijine la position particuli^re 
que I'illuslTe auteur de la Äfecamgne Celtile lui assigne, 
clle n'aamit pn s'y mainlenir que pendant un teniB tr^ 
court." "That if the Moon Lad occupied at the beginning 
the particular position assi^oicd to her by the illustrious 
author of the iUcanique CeUite, she would not have b 
able to maintain it for more than a very short time." 

" On tha Transporting Po'eer of the Tides, see Sir Hei 
de la Beche, Geological Manual, 1»33. p, 111. 

" Arago, Sur la qiiettian de tavoir «' la Lune e 
nolr» Attnosphh-e une rnflumce appreciable, in (he Aiinuaire for 
IS33, pp. 157-206. The principal advocates of this opinion 
ore Scheibler {^untersuch, über Einßuss des Afandes auf dit 
Vta äiidenmgen in unserer Atmosphäre, 1830, "' 

Flanget-gues {Ztcanzigjäkrige Beobacktwigen in Vivii 
Umverielle. Science» et Arte, torn. xL 1829, pp. 26ä-2S3. ■; 
in Saliner' s Archiv /. die ff es. Naturlehr«, Bd. iv" 
sees. 32— SO) : and Eisenlohr (Poggend. Annale» der Physik, 
Bd. ixxv. 1835. pp. 141-160, and 309-329). Sir John 
Herschel considers it very probalile that a very high tem- 
perature prevails upon the Moon (far above the boiling-point 
of water), aa the surface ia uninterruptedly exposed for four- 
teen days to the full action of the Sun. Therefore, in the 
opposition, or some few days alter, the Moon must be, in 
email degree, a source of heat for the Earth; but i 
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si]»cous depositions, and tlic dispersiou of clouda, will be 
treated of in the lost and purely telluric part of tbe Cosmoi. 



The dinmeter of this planet, notwithstanding its consider- 
ably greater distance from the Sun, b only 0319 of the 
Earth's, or 3,568 geographical miles. The eccentricity at his 
orbit is 0-09321G8, next to Mercury, the greatest of all the 
planetary orbits; and also on this accouct, as well as &om its 
proximity to the Eartb, the moat suitable for Kepler's great 
discovery of the elliptical form of the planetary orbits, Hii 
period of rotation'^ is, according to Mädler and WilheLa 

heat radiating from a body far below the temperature of 
ignition, cannot reach the surface of the Eartb, since it is 
absorbed in tbe upper strata of our atmosphere, where it 
converts i'isible clouds into transparent vapour." The phe- 
nomenon of the rapid dispersiou of clouds by the full Mood. 
when they are not extremely dense, is considered by Sir John 
Ilerscbel, " as a moteorologleal fact^ which," he adds, " is 
confirmed by Humboldt's own esperience and the universal 
belief of tbe Spanish sailors in tbe tropical seas of America." 
Seo Report of the Fiftoenlh Meeting of the Britinh Aasoda&M 
for the Advancement of Science, l%i&, Notlcea, p, ß; and 
Outlines, p. 201. 

" Beer nnd Mädler, Beiträge z^r Pkys. Kenntniss dee SoH- 
newyttems, 1841, p. 113, from observations in 1830 and 
1832; Mädler, Astronomie, 1849, p. 20G. The first consi- 
derable impTOvomcnt in the data for tho period of rotatton, 
which Dominique Cassini found 24h. 40m., was the i-cBolt of 
laborious observations by William Ilersehel (between 1777 
and 1781) which gave 24h. 39m. 21 ^s. Kunow^ky found, in 
1831, 24h. 36m. 403., very near to Madler's result. Cassini'! 
oldest observation of the rotation of a spot upon Mora 
(IVlambre, Hist, de S Astron. Mod. torn. ii. p. 694), appeois 
to have been soon after the year 1670; but in Üie vny n^f , 
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Boer. 24h. 37m. 238. His sidereal revotutio» round the Sun, 
occupies 1 year 321d. 17h. 30m. 41a. The iftcHnafion of 
Mars' orbit towards the Earth's equator, is 24'" 44' 24'; his 
™^3| iTWäTTi ^^ deiiiili/, in comparison to that of the 
Earth, 0-958. The mass of Mars will he hereafter corrected 
by means of the disturhmices which he may experience from 
his influence with the Comet of Dc Vico, in the same way 
that the close approach of Enckc's Comet was taken advantage 
of to ascertain the mass of Mercury. 

The flattening of Mars, which (singularly enough) the 
great Könlgsbei^ astronomer permanently doubted, was first 
recognized by William Herschel (1764). With regard to- 
the araonnt of the flattening, however, there was long consi- 
derable uncertainty. It was stated by William Herschel to 
be ■^•, according to Arago's more accurate measurement,'* 
■with one of Bochon's prismatic telescopes, in the first instance 
(before 1824), only in the proportion of 189 : 194, t'. e. -jj.,; 
by a subsequent measurement (1847), ■^•, Btill Arago is 
incUned to consider the flattening somewhat greater. 

If the study of the Moon's surface calls to mind many 
fjeognostic relations of tlie surface of the Earth; so, on the 
contrary, the analogies which Mars presents with tlie Earth, 
are entirely of a meteorological nature. Besides the dark 
spots, — some of which are blackish, others, though in very 
,11 numbers, yellowish-red," and surrounded by the greenish 



tatise, Kcm, Diss, de ScintUlalioiie Slelhrum, "Wittenb. 
„ 8, I find that the actual discoverers of the rotations 
of Mars and Jupiter are stated to have been " Salvalor Scrra 
and Tather ^^gidius Franciscus de Cottignez, astronomers of 
Iho CoUegio Romano." 

" Laplace, Erpos. du Syst. tilt Monde, p. 36. Sehriiler'a 
very imperfect ineasitfcment of the diameter of the planet 
gave Mars a flattening of only •^. 

" Beer and Madler, Beiträge, p. Ill, 
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contrast colours, go-cnlled Beoe;" — there are seen vpon the 
diso of Mars two white, brilliant, snow-like spots," either at 
the polea which are determined by the axis of rotation, or at 
the poles of cold alterantely. They were recognized, as early 
as 1716, by Philip Maraldi, though their connection witli cli- 
matic chnnges upon the planet was first described by the elder 
Herschel. in the seventy -fourth volume of tbe PAilosophml 
Transactions for 1784, The white spots become alienuit^ly 
larger or smaller, according as the poles approach thvir 
winter or summer. Amgo has measured, by means of his 
polariscope, the intensity of the light of these snom uitm, 
and found it twice as great as tltat of the remaining pnrt of 
the disc. The Phi/^i/uilise/t-aslroiiomiiichen Beiträgen at Maäia j 
and Beer, contain some excellent grnphio reprcBentationB* of I 
the north and south hemi»:pheres of Mars; and tLl« remark' ] 
able phenomenon, unparalleled throughout tbe whole plane- 
tary system, is there investij^tt-d with reference to aJl die 
changes of seasons, and the powerful action of the polar 
summer upon the melting snow. Careful observations, during 
■& period of ten years, have also taught ua that the dark E^ioti 
upon Mars ]>reEerve a constant form and relative position. 
The periodical formation of anow-spols, as meteoric dcpositiona 
dependent upon change of temperature, and some optical 
phenomena which the dark spots present as soon as thE^ 
have, by the rotation of the planet, reached tbe edge of the 
disc, make the esiBtenco of an atmosphere upon Mai's more 
than probable. 



' Sir John Herschel, Outlines, § .510. 

' Beer and Mädlcr. Beit, ä je. jip- 117-125. 

' Mädler, in Sohumacher'a Astr. Naehr. no. 192. 



The Small Planets. 

We have already, in the general consideration" of tlie 

planetary bodios, chameterized the group of small plauet» 

" Cos7nos, vol. iv. p. 422. With regard to the chniiinlngy 
of the discovevicB of the Bmall planets, compare |ip. 421 imd 
4B2 : their relutions of «iftgnitude to the raeteor-nsteroid« 
(aerolilfs), p. 437. With renpyct to Kepler'e conjecture gf 
Üie existence of a planet in the great chasm between Mare 
and Jupitt'r; a conjecture, however, which by no meons led 
to the discovery of the first of the KmaU planets (Ceres-), 
p. 436 niid noles 31-33. The bitter wpi-oaeh which 
bnn been thtoivn upon a highly esteemed philoscpher, *' be- 
cause at n time when he might have known of I'iuzzi's disco- 
Teiy cwtainly five months before, but was unacquainted with 
it, he denied not so mucli the prnbnbiütj', as nmcli more the 
necessity of a planet being situated between Mars and Jupi- 
ter," a])pears to me to be little justifiable. Hogel, in bis 
Disaertatio de Drhith Planelarum. composed in the ppring and 
summer of 1601, treats of the ideas of the ancients of the 
distances of the planets; and when he quotes the arrange- 
ment of which Plalo speaks in the Timteus. (p. 35, Steph.); 
1. 2. 3. 4. 9. S. 27 , . . . (compare CosmoB. vol. It. 
p. 432, note 21) he denies tbe necessity of a chasm. He 
«ays onh- ; '■ Quffi series si verior natvrm ordo sit, quam orlth- 
metica progressio, inter quartum et quintum locum ma^uum 
«Bse spntium, iiequo ibi planetum desiderari appaiet." '■ If the 
«rder of nature is more precise than an arithmetical pro- 
gression, there appeal« to be a great space between the fourth 
Jinll &lili plaae- and that no planet is required there." (Hegel's 
Werke, Bd. xvi. 183'1, p. 28; and il.'gel's Zeie» ron Rosen- 
icravz. 184-1, p. 154.) Kant, in his ingenious work, Natur- 
geschichte lies Himmels, 1755, says merely that at the time of 
the formation of the planets, Jupiter occasioned the smallness 
of Mars, by the enormous ntlractive force which the foi^atr 
possessed. He only once mentiims, and then in a very inde- 
cisive manner, "the me inters of the sohir system which are 
situated fur from each other, and between wliich the iuterine- 
diftte parts have not yet been discovered." (Immanuel Knaf^ 
JSämmilicke Werke, th. vi. I83tf, pp. 87, 110, and 196.) 



L 



{aiteroidt, planetoids, eo-planels, tehscopie or ultra-sodiaeal 
platiels) nnder the name of an intermediate group, which, to 
ft certain extent, forms a zone of separation between the 4 
interior planets (Mercury, Veoua, the Earth, and Mars), and 
the 4 exterior planets of oui eolar system (Jupiter, Saturn, 
UrnnuB, and Neptune). Their most distinctive features con- 
sist in their interlaced, greatly inclined, and extremely 
eccentric orbits ; their extraordinary Bmallness, as tho diameter 
of Vesta does not appear to equal even the fourth port of the 
diameter of Mercury. When the first volume of the Cosmot 
appeared (1845), only 4 of the small planets were known: 
Cerea, Pallas, Juno, and Vesta, diseotered by Piazzi, Olbera, 
andllarding (between January 1, 1801, and March 29, 1807); 
at the present tiinp (July, 1851), the number of the »mall 
planets has already increased to 14; they form nuracritsilly tho 
third part of all the 43 known planetary bodies, t. e. of all 
principal and secondary planets. 

Although the attention of astronomers was long directed 
ia the solar regions to increasing the number of the membets 
of partial systems — the Moons which revolve round principal 
planets — and to the planets to be discovered in the furthest 
regions beyond Saturn and Uranus ; now since the acci- 
dental discovery of Ceres by Piazzi, and especially siuce the 
foreseen discovery of Astrea by Enclte, as well as the great 
improvements in the star-chorts'" (those of the Berlin Academy 
contain all stars as ihr as the OLh, and partly to the 10th 
magnitudes), a nearer space presents to us the richest, and 
perhaps inexhaustible field for astronomical industry. It is 
an especial merit of the Astronomischen Jahrbuch, which is 
published ia my native town by Eocke, the Director of the 



*" With regard to the influence of improved star-charts 
up.iQ the discovery of the small planets, see Cosmos, vol. m. 
pp. 15S and 1Ö6. 
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Berlin Observatory, with the assistance of Dr. Wolfers, ttat 
the ephemendeB of the increasing host of small planets Bic 
treated of with particular completeness. Up to the present 
time, the region nearest to the orbit of liars appears to be 
the most filled; but the breadth of this measured rone is, in 
itself, more considerable than the distance of Mars from the 
Sun,*" "when thedifierence of theradii-vectctres in theneareet 
perihelion (Victoria), and the most distant aphelion (llygiea), 
is taliea into consideration.*' 

The eccentricities of the orbits, of which those of Ceres, 
Egeris, and Vesta are the smaller, and Juno, Pallas, and Iris 
the greatest, have already been alluded vJ^ above, as well a% 
their degrees of inclination towards the ecliptic, which 
decreases from Pallas (34= 37'). and Egcria (16" 33'), to 
Hygiea (3° 47'). A tabular view of the elements of the 
small pinnets follows here, for nbich I am. indebted to my 
friend Dr. Galle. 

The discovery of a fiflcenth new planet {Eunomiia) has 
just been announced. It was discoTcred by De Gasparis 
upon the 19tb of July, 1851. Tlie elements, which have been 
calculated by Piümker. arc tue following; — 

r 1051. 
Epoch of mean toDgitaile in mean GrecDvich tinte ... < „ ... 

Uean lDD|itude 321° 25' 204 

Longitade of perüiflion 27 35 38 ' 

Xiongitude of aseeuüing node 293 52 55 

lodinBlion 11 AS 43 

Eicentricily 0-1BSI03 

Half mijor a»iä 2-6J758 

Ueunof motion 823-630 

Period of revolution ISJJdaj'i. 



" D' Arrest, Uihcr dtifi System der Kleinen Planele» Eiti 
Mart tmd Jupiter, 1851, p. 8. 

" CoBmos, \oL IT. pp. 423 and 456. 



^8 



-COSMOS. 




o 

•s 

00 


O 

-53 

o 

Ol 

O 



OQ 

o 
Ph 

0) 

•a 

•♦* 

Pi 

«2 

OQ 



el 



el 

a 

CO 



•s 

««I 

o 

•S 



00 



00 



9 



Pi »o 
« CO 

a. 



« 8 -^ 
8 fc * 

ot ot 




00 



O to 
üa CO 
o 



S 



u> 



CO 



5 



r-l « <* 
O» t^ CO 



«0 O« 



et u3 



•a 

i 



o 



00 



99 
00 

O 
•O 

o 



o» o» t^ 

ua <«• flo 



- ^ s ;5 



^ s s 






*5 

o to 
Ö •-♦ 



6 
g 



U3 



^ ^ « 8 



u» 



to 

00 



= § 






^ O eo 

»O t^ f-l 



s s? 

00 



^O Ok 

^ s 



«5 


r-^ 


9 


iO 

r-l 


o 
l-< 


r-i 
U3 


«D 


^ 


^ 


s 


• 

•a 


1 


00 

1^ 


1 


O 


ft 

r-l 


00 


at 


00 


6) 


l-l 

Ö 


00 

to 

r-* 






^^ to Ok fe« OD eo 

m 1-4 et i-4 ,^ 09 

*« « o 

00 'S (>t 00 CO «o 



%JU -•! nt uu 



s ^ 

< 00 

et 



en r9 

<o CO 



s 



s 



s 



<9 



to 

00 



ot 

»4 



eo 



9 

ua 

eo 



00 

ot 



o •* 

00 



to 

i-l to 

6 '^ 



I 

I 



to 

00 



p ^ 

ot f* 
ot to 



to CO 



■8 ^ t- a "* 

O '^ "^ «^ 



ot 

«o 
o» 



00 •-• 




'S 

m 



00 



ot S t* r- 
1^ 00 r-l CO 



^ 



^ i-i lO 00 ^ 
^ rH rl eo (-1 



eo 



»o 



a» 
eo 
a» 



5 
ot 



OO *d 

1-4 O» 

O t- 

Ot CO 

Ö «^ 






^4 OO 

to 

00 



00 t« 

et 

'S ^ - 

Ä y ^ 



ot 

00 

«o 



eo 



to «o 

< 00 



O» _j 

et »o 

ct «o 

ot <4< 

l-l CO 



to 

00 



et 
ot 



■8 §0 r^ 

o «-• '•^ 



^ ^ 2 



to 
ct 



IS 



to 
to 

00 
eo 



eo s 
ot « 







^ 


So 


ot 


ot 


OO 


o 


Ot 


et 


• 


3 


riM 




eo 


eo 


ot 




o» 


•-4 


o» 


•Ö 


to 


0} 


o 










«D 


00 


to 


^ 


00 

P-4 


■ c 

9 


«0 

to 

CI 


•o 


i 


K« 




eo 

(it 


Ö 




.2 


o 
to 

GO 


o 


OO 


t«. 


OO 


eo 


r-" 


o» 


ei 




1 


1—1 

St 




ot 

to 


O« 

00 




eo 


rH 


i 


p 


riM 


O 


^ 


U 


^ 




s 


ot 


Ot 

Ö 


eo 

1-4 


1 


04 

to 


Ot 


o 


r-l 
kO 


Ot 


eo 
to 


5 


00 

o 


e 


1 


00 


ji 


:* 


et 


o 


to 




et 


to 


oa 


Px 


1^ 


S 


l-l 


eo 


r-« 




§ 


et 


• 

o 








» 


1^ 


ts 


C^ 


•p« 


4. 


(S 


o 


P 



« 



o «^ 



.. S*. m «> 




THE SMAI.L PIAKKT8, 

> motoal rdation of Üie orbits of the astnoids and the 
1 of the indiTidual pairs of orbiit. hau been mode 

i «utaject of acute tuvestigaliaa, &xst by Gould" in 1848, 
and more recently by D'Atrosi, The latter says, " Hie 
strongest evidence of the intimate connection of the whole 
group of Eioidl planets appears to be. that if the orbits are 
supposed to be represcoied matrrially as hoops, they nil hong 
together in auch a manner that the whule group may be 
Buspeiided by any given one. If it Bo hnppraed that Iris, 
which Hind discovered in August, 1847. wits still unkuowu, 
as many other bodies in this region ceiloinly are. the group 
would consist of two separate parts, — a result which must 
oppear so much the more unexpected as the zone ivhich liicae 
orbits occupy in the solar system is wide." * 

We caiiuot take leave of this wonderful group of planets 
without mentioning, in this fragmentary enumemtion of the 
iodividuid membws of the solar system, the bold view of a 
gifted and dee|>ly investigating astronomer, as to the origin 
of tiie iisteroids and their intersecting orbits. A residt 
deduced from the calculations of Gauss, that Ceres approaches 
ciftieiiiely near to I'allas in her ascending passage through 
the plane of that planet's orbit, led Olbers to foiin the con- 
jecture that " both planets, Ceres and Pallas, may be frag- 
meiits of a single large princtpid planet which has beea 
destroyed by some natural force, and formerly occupied the 
gap between Mars and Jupiter, and that the discovery of 
an addttioual number of similar iragmenta which describe 
elliptical orbits round the Bon, in the same region, may be 
espceti'd." " 

" Deiijiimin Altliorpe Gould (now at Cambridge, Massa- 
chusftts, U.S.^ Untersuchungen über die geycnseilii/i Lage der 
Bahni-.n zwincken Mars mid Jupiter, 1B48, pp. 9-li. 

** D Arrest, op. eil. p. 30. 

•* Zach, Monatl. Correap. Bd. vi. p. 88. 
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The possibility of dotcrmining by calculation, even ajipros!- 
matirely, the epoch of such a cosmical event, which it ia snp- 
poscd would be at the same timü the epoch of the formatioa 
of the small planets, remains more than doubtful, from the 
complication produced by the already large number of the 
''fragments" known, the secular retrogression of the apside», 
andmotion of the nodes." Olhera describes the region of the 
nodes of the orbits of Ceres and Pallas, as corresponding to 
the northern wing of the Virgin and the constellation of tlie 
Whale. Certainly Juno was discovered, in the latter by 
Harding, though accidentally, in the construction of a star- 
catalogue, scarcely two years after the discovery of Paltas, and 
even Vesta, in the former after a long search during fife 
years, conducted upon hypothesis. This ia not the place W 
determine whether these results alone are suffioient to esta- 
blish the hypothesis. The cometary clouds, in which the 
email planets were at first supposed to be enveloped, have 
disappeared on investigation with more perfect instruments 
The considerable changes of light to which they were said 
to be subject, were ascribed by Olbers to their irregiüar 
figure as being " fragments of a single destroyed planet." " 



" Gauss, Manatl. Carresp. Bd. xxvi. p. 299. 

^ Mr. Daniel Kirkwood (of the Pottsville Academy) 
ventured upon the undertaking of restoring the exploded 
primitive planet from the fragmentary remains in the s 
manner as the animals of the primitive Earth. He finds 
it a diameter greater than Mars (of more than 4,330 geo^f»- 
phical miles), and the slosvest rotation of all the mincipal 
planets — a lenijih of day of fiity-seven hours anil a IialE. 
{Repori of the Mritish Auoc, 1850, p. xisy.) 
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The mean distance of Jupiter from the Sun, CTcprCfaed in 
fractional parts of the Eorlli's distance &om the central body, 
amounts to S'202767. The uac mean diameicr of this planet, 
the largest of all, is 77,176 gfographical miles ; equal, there- 
fore, to 11 '255 terrestriul diameters, about oae-filUi greater 
than the diameter of the more remote Saturn. His sidereal 
revolution occupies lly. 3l4d- 20h. 2m. 7s. 

The fialt^^ning of Jupiter, according to the measurements 
by Arago with the prismatic micrometer (which were intro- 
duced into the Exposition du Systeme du Monde, p. 38). is as 
167 : 177, consequently -j-f-T, which agrees very closely with 
the later determination (1839) of Beer and Madler," who 
found the flattening to he between -j-j-t ^^'^ >T-S' Uonsen 
and Sir John Hcrschel give the preference to ■^. The 
earliest observation of the Battening, by Dominique Cassini, 
is older than the year 1666, as I have already pointed out 
elsewhere. This circumstance has an especial historical im- 
portance, on account of the influence which, according to Sir 
David Brewster's acute remarlt, the discovery of this flatten- 
ing by Cassini cscrcificd upon Newton's ideas as to the figure 
of the Earth. The Pr'mcipia Philosophia Naturalis beai'9 
witness to this, but the epochs at which the Principia and 
Cossini's observation of equatorial and polar diameters of 
Jupiter appeared, might excite chronological douhts,™ 



" Beer and Madler, Beilräje zvr Phi/s. lienitliilss der 
ffiml. Körper, -pp. 104-106. Older and less eertaiu ohser- 
Tatiousbyllussey Kavcj'j. Laplace {Syst. du Monde, p. 2G6) 
fi}und it thcoreticiiily between -g'^- and ^, with increasing 
density of the strata. 

* Newton's immortal work, Philosnphia Naturalis Prin- 
etpia Mathematical appeared as early a 
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As the masB of Jupiter nftcr that of the Sun is the moit 
important element of the whole planetary system, its nccurate 
determination, which Ims recently been eiTected through the 
^turbanees of Juno and Vesta, as well aa by the eloiigntüni 
of hia satdlites, especially the fourth," must be ponsideiwl 
as one of the most productive improvements of calcutating 
astronomy. The value of the mass of Jupiter is greater no» 
than formerly ; that of Mercury, on the contrary, smaller. 
The former, toother with that of the four satellites, it 
TTTTTTTif "^ile Laplace gave it as -nnre-ös"- 

Jupiter's period of rotation is, according to Airy. 9h. SS' 
21"'3 mean solar time. Dominique CaEsiui first found it 
(1666) to be between 9h. 55m, and 9h. 56m., by meana of » J 
spot which was visible" for many years, even indeed t» 1 
1691, and was always of the same colour and outline. Tlie | 
greater port of these spots arc of greater blackness than tli» 
streaks upon Jupiter. They do not, however, appear to 
belong to the surface of the planet itself, as they sometimes 
have a different velocity from that of the equatorial regions. J 
According to a very e.vperienced observer, Heinrich Schwabe I 
of Dessau, the dark, more sharply bounded spots have beoi. I 



papers of the Paris Academy did not contain the notice of 
Cat'Siui's determi notion of the flattening (.j^) until the year 
1G9I ; eo that Newton, who miglit certainly have known of 
Hicher's pendulum -experiment at Cayenne, from the Hccoimt 
of the journey printed in 1679. must have become acquainteA, 
with the CDufl^umtion of Jupiter by verbal intercourse and , 
the active coiTespondence of that time. With re^rd to tkm' 
anbject, and the only ap[)arent early neqimintance of Uuvgena 
with the pendulum-experiment of Richer, compare G»niM, 
vol. i. p. 156. note : and vol. ii. p. i;i6. note. 
™ Airy, in the J/em, of tht Royal Aitron. Soc. \o\. ix. p. 7; 



vol. ! 
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Bevernl Tenr* in BQcwssion excliiiively peculiar to the two 
grev girdles bordering upon the equator, Bometimes the nortk 
and gnini.-titnc9 the south. The pi'ricess of spot-format 
therefore, locally varinble. Schwabe'a ohsen-aliona, made 
November, 1834. likewise show that the spots on Jupiter 
Been with a 280-fold mngiiifyiiig power in a Fraunhofer 
tolej'cope, sometiraea resemble the small nucleoid spota sur- 
rounded by a halo upon thp s.,n. But still their dsrknes» is 
less than that of tlie BntcUitc shivlows. The nucleus is pro- 
bably a part of the body of Jupiter itae)f, and if the atmo- 
Bpherio opening remains fixed above the same spot, the motion 
of the spots gives the true rotation. Tliey also separate 
sometimea, like the Sun-sputa, as Dominique Cassini discovered 
as early as 16()5. 

In the equalorial KOne of Jupiter are sitiiated two broad 
principal sfreahs or girdles, of a grey or greyish-brown colour, 
wliLcli become paler towards the edges, and finally dianppear 
entirely. Their houndaiies are very irregular and variable; 
both are separated by an intermediate bright equatorial 
streak. Towards the poles also the whole surface is coTered 
with numerous, narrower, paler, frequently interrupted, even 
finely branched streaks, always parallel to the equator. 
"These phenomena," saysArago," " are most easily explain- 



" " On snit qu'il existe au-des.'ms ct nn.dessoua do I'^qua- 
teiir de Jufiiter deus handes moina brillantes que la sur&ce 
g^iienile. Si on les examine avec une lunette, elles poraiB- 
■ent moins distinctea ä mesure qu'elles a'^loignent du centre, 
et ni^me ellea deviennent tout-i-fait invisibles pr^s des bordft 
de la i>laiiete. Toutes ees upparences »'expliqueiit en admet- 
tant i' existence d'une atmospli^re de nimgcs iiiterrompue sua 
environs de I'fequateur par une zone diaphane, prodiiitc peut- 
fetre pir les vents disea. L'atmoBpb^re de mingos reflechiseaut 
plus do lumiere que le corps solide de Jupiter, les parties de 
~e coips que Ton vem % travers la zone diaphane, auront 
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able by assuming tbe existence of an atmospbere paitiftUy 
obscured by strata of clouds, in which, however, the r^oa 
reeling upon the equator is free from vapour and diaphanous 



moins d'eelat que le reate et formeroot les bandes obscures. 
A mcsure qu'on s'eloignera du centre. le rayon visuel de 
Tobserrateur travei'seru des epaisseurs de plus en plus grandea 
da la swne dinphane, en sorte qu'ä la lumi^re reflechie par le 
corps Bolide de la planet« s'ajontera la lumi^re reflechie pu 
cette zone plus ^paisse. Les bandes eeront par cette raison 
moinfl obscures en s'^loignaut du centre. Enfin aux borda 
inemes la lumiäre r^flecliie par la zone vue dans la plus 
grande epaiaseur pourra faire disparaitre la difierence d'inlen- 
sit^ qui exists entre lea quantites de lumi^re reflecbie par la 
pinnate et par I'ntmosph^re lie nunges ; on eesaera alon 
d'apercevoir les bandes qui n'existent qu'eu vertu de cette 
difierence. On observe dans les pays de moatagnea quelqne 
chose d'nnaloirue : quand on se trouve pr^s d'un far£t de 
eapin, eile pamh noire ; mais a mesure qu'on a' en 6!otgne, lea 
couches d'atmoipli^re interposees deviennent de plus en plus 
^paisses et reflechissent de la lumi^re. La difference de 
tcinte entre la foret ct les objeta voisins diiuinne de plus ea 
plus, eile fiiiit par ec confondre avec eux, si Ton s'en ^loigne 
d'unc distance convenable." (From Arago's Reports on 
Aalronomij, 1841.) " It is known that there exist above and 
beloiv the equator of Jupiter two bands less brilliant than the 
general surface. If these are examined with a telescope, 
they appear less distinct in proportion as the distance from 
the centre increases, and they even become quite invisible 
near the edges of the planet. All these appearances may ba 
cüplained fay admitting the existence of an atmosphere of 
clouds, interrupted near the equator by a transparent xone^ 
produced, ]ierh;jps, by the trade-vinda. The atmosphere of 
clouds reflects nioro light than the solid body of Jupiter. 
Tlmsc piirts of him which arc seen through the transparent 
zone would have less brightness llian the remainder, osd 
would funn obscure hands. In proportion as the distann 
from the centre increases, tlio visual I'ay of the observer 
tj^uieraes pieattT and greater thickat'SBpa of the traiiBpurenC 
zone, lu euch a way that to the lijjht rul'ieclud by the soHil 
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probably in consequence of the bsde-winds. Since, as 
William Herschel already sssumed in a treatise in tlte 
83rd vol. of the Philo$ophical Traataction*. wbich appeared 
in 1793, the cloud-surface reflects a more iDtcose light than 
the Burface of the planet, so that part of the ground which we 
eee through the clearer air muet have leas l^ht (appear 
darker) than the strala of clouds reflecting large quantities 
of light. On that account grey (dark) and clear bands 
alternate with each other; the former appear so much the 
less dark-coloured in proponion to the distance from the 
centre, when, the visual radius of the observer being directed 
obliquely towards Üic edge of the planet, at a small angle, 
they are seen through a larger and thicker mass of atmosphere, 
reSccting more light. 



The Satellites of Jdpiteb. 

Kven so early as the brilliant epoch of Galileo the correct 

opinion was formed, that the »ubordijiale planetary »ffstein 

of Jupiter might present, in many relations of space and 

body of the planet is added the light reflected by the denser 
Eone. The bundii would be, from this rcnaou, less obscure the 
greater the distance from the centre. Finally, at the very 
edges of the planet's disc the light reflected by tlie zone seen 
in its greatest thickness, wuuld cause the difference of inten- 
sity which existed between the quantities of light reflected 
by the planet and by the atmosphere of clouds, to disappear, 
and the bands which esist only in virtue of that difference 
woDJd cease to be visible. Something analogous is observed 
in mountainous countries ; in the neighbourhood of a forest 
of fir-ti'ces they apj^ar black , but in proportion as the 
observer removes to a greater distance, the interposed atmo- 
spheric strata become thicker and thicker, and reflect light. 
The difference of tint between the forest and the objects 
neor, diminishes more and more, and ends by theii' being 
—.gonfounded together on removing to a sufficient distance.'' 



r 


«It ooatea. 

time, a picture in miniature of the Solar System. This tow, 

afterwards, of the phases of Venus (February, 1610), eoa> 
tributed greatly to the general introduction of the CopenticaB 
system. The quadruple group of satellites of Jupiter, is the 


^H only oae of the eiterior principal planeU whicb has not bean 
^^fe increased by any new discovery, during a period of ne^f 
^B two centimes and a half, sinee the epoch of their first disco. 
^" TO-S- by Simon Marina on the 29th of December. 1609. 

ihn of the Hatellites of Jnpiter, their mean distances expr««8e4 
^_ in diametETS of the primary, their Hiameter* in geographieal 
^^B miles, and their nuutes as parts of tbe tnasn of Jupiter. 




SateUites 


Period of 
RsTOlution. 


DisUnce 
from Jnpiter. 


DiuDtterin 


M«,. 




1 
2 
3 
4 


d. h. m. 
1 IS 28 
3 13 U 
7 3 14 
16 16 32 


6,049 

9.623 
15.350 

26,99» 


2116 
1900 
3)04 

265S 


0-0000173281 
0-O0O0232,1S9 
0-0000884978 
0-0000426591 


^1 If TTTTTTT e'q>rcssea the mass of Jupiter with his snttl- 
^M lites, then his maas without the satellites is j^rjl-yj,, on^ 
■^ about ,Jj5 smaller. 

eitiei with other satellite systems, has already been gtm 

Jupiter's satellites is various, and not in proportion to tlielr 
volume, since, as a general rule, the Ihird and i)ie_firtt, vAetf 
relation of magnitude is as 8 : 5, appear the brightest the 

than the lai^er fourth, which is ordinarily called the im^ 
luminous- Accidental (temporary) fluctuations in the lunttnon» 
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^^^^^M 


^^^^ 
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intensity have, as already remarked, been ascribed some- 
times to changes of the surface, sometimes to obscurations 
in the atmosphere of the satellites." They all appear more- 
over to reflect a more intense light than the primary. When 
the Earth is situated between Jupiter and the Sun, and the 
satellites therefore mos'ing from east to west, apparently 
enter on the eastern edge of Jupiter, they hide from us. in 
their passage, successive portions of the disc of their piimary, 
aod can be perceived with telescopes of moderate power, since 
they stand out la luminous relief from the disc. The visibi- 
lity of the satellite is attended witli more difHculty the nearer 
it approaches the centre of the primary. From this pheno- 
menon, which was eaily observed. Pound, Newton's and 
Bradley's friend, inferred that the disc was less luminous near 
the edge than at the centre. Arago considers that this 
assumption, renewed by Messier, involves difSculties which 
can only be solved by new and more delicate observations. 
Jupiter was seen without any satellites by Motyneux in 
November, 1681; by Sir William Herschel on the 23rd of 
May, 1802 ; and, lastly, by Griesbach, on the 27th of Sep- 
tember, 1843. Such a non- visibility of the satellites has 
reference however to the space tcilhout the disc of Jupiter, 
and is not inconsistent with the theorem that all the four 
satellites cannot be eclipsed at one time. 



^K Satttrit. 

The period of sidereal or true rmolutio» of Saturn ia i 
years, 166d. 23h. I6m. 32s. His mean diameter is 62.028 
geographical miles, equal to 9,022 terrestrial diameters, The 
period of rotation deduced from the observation of some dark 
spots (knot-like condensations of the bands) upon the sur- 



' Sir John Herschel, OtttUnes, § 540. 
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face," is lOh. 29m, I7s. Such a great velocity of rotatioa 
corresponds to the üonsiäerBhle ßatteninff, William Hersdid 
estimated it, ia 1776, at -j^.j; Bessel, after corresponding 
observations during a period of more than three years, found 
that at a mean distance the polar diameter was 1 5"-381 ; the 
equatorial diameter 1V"*053, consequently a flatteoing of 
^.-j." The body of the planet has also riband-like etripei, 
which are however less perceptible, though, at the same time, 
rather broader than those of Jupiter. Themost constant of than 
ia a grey equatorial sti-ipe. Nest f o this follow several othcn, 



"" The earliest and careiijl observations of William Hm- 
schel, in November, 1793, gave for Saturn's period of rot»- 
tion lOh. 16m. 44s. It Las been incorrectly attributed to äie 
great philosopher, Immanuel Kant, that he conjectured & 
period of Saturn's rotation from theoretical considerations ID 
his Allgemeinen NatKnfeiehichte de» Himmeh, forty years be&M 
Ilerachel. The number that he gives is 6h. 23m. 53s. fitt 
calls his determination " the mathematical calculation of aa 
.unlmown motion of a heavenly body, which is perhaps Üie- 
onlv prediction of that kind in pure Natural Philosophy, 
and awaits confirmation at a future period." Itis confimia- 
tion of his conjecture did not 1«ke place at all ; observationi 
nave shown an error of f of the whole, i. e. of four hours. Is 
the same work it is said respecting the ring of Saturn, " thatia 
the aggregation of particles which constitute it, those of tlie 
inner edge complete their revolution in 10 hours, those o( 
the external edge in 15 hours. The first of these ring- 
numbers is the only one which accidentally comes near tta 
planet's observed period of rotation (lOd. 29m. 17s.). Com- 
pare Kant, SämmtUche JTerie, Th. vi. 1389, pp. 135 and 140. 

" Laplaee {Eapo». du Sffst. dv Movde, p. 43,) estimate« ike 
flattening at ^. 'ITie extraordinary deviation of Saturn fma. 
the spheroidfj figure, according to which Williara HersoiicS, 
after a series of laborious observations made with very diflb- 
rent telescopes, found the major axis of the planet not in the 
equator itself, but in a diameter which intersected the equa- 
torial diameter at an angle of about 45°, was not confirmed 
by BoBsel, but found to be incorrect. 



"1 

uaUcl to^^^H 
, The regioii^^^l 



but with variable fonos, indicatrng an atmosphi 
William Herschel did not always find them parallel to 
rings ; neither do they extend as far as the poles. The region. 
round the poles presents a very remarkable phi 
change in the reflection of light which is dependent upon 
Saturn's seasons. This region is more brightly luminoua in 
winter, a phenomenon which caUs to mind the variable anow- 
region of Mare, and did not escape the penetration of William 
Heischei. Whether such an increase of luminous intensity 
is to be ascribed to the temporary formation of ice and snow, 
or to an extraordinary accumulation of clouds,"" 
indicative of the action of changes in tomperati 
the existence of an atmosphere. 

Wo have already stated the mass of Saturn to 
it, together with the enormous volume of the planet {U 
diameter is ^ of the diameter of Jupiter), leads us to infer a 
very email density decreasing towards the surfiice. If the 
density were quite homogeneous {-^ of that of water), the 
flattening would be still greater. 

The planet is surrounded in the plane of its equator with 
at least two fully suspended and extremely thin rings, both 
situated in the same plane. Their luminous intensity is 
gieater than that of Saturn itself, and the outer ring is still 
brighter than the inner.'" The division of the ring seen by 
Hu^;ens in 1655, aa a single one,^ was indeed observed by 
Dominique Cassini in 1675, but first accurately described by 
William Herschel in 1789-1793. Since Short's time the 
outer has been found to be streaked by Dumerous fine stri] 



" jirago, Anttuaire for 1842, p. 556, 

" This difference in the luminous intensity of 

and inner rings was also stated by Dominique Cassini {Mem. 

de FAcademie dea Science», ann^e 1715, p. 13). 

" Cosmof, vol. ii. p. 705. The pvhlic announcement oi the 

discovery, or rather the complete explanation of all the p" 
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but Ihcse linefl or etripes have never been constant. Very 
recently, during the latter raonths of the year 1 850, a Üiird»eiy 
pale, feebly luminous, and darker ring, hAs been dieeovered 
between the planet and the ring hitherto called the inner one. 
Tl>e discovery was made nearly simultaneously by Bond, at 
Cambridge (U- S.), on the 11th of November, by means rf 
the great refractor of Mertz with a fourteen-incb object-glSM^ 
and by DaweB, near Maidstone, on the 25th of Novcmb«. 
This ring is separated from the eecond by a black line, and 
occupies the third part of the space, between the second ring 
and the body of the planet, which was formerly stated to b* 
vacant, and through which Derbam affirmed that be saw situB 

The dimensious of the divided ring of Saturn have been 
determined by Bessel and Struve. According to tbe latter, 
the exterior diameter of the outer ring, at Saturn's inna 
distance, appears to us under an angle 40''09, equal to 1 53,304 
geographical miles ; the interior diameter of the same tug 
under an angle of 35"'29, equal to 134, SOO geographical nülel 
For tie exterior diameter of the inner (second) ring i9 
obtained 34'''47 ; for interior diameter of tbe same ring 2fl''67. 
Struve fixes the space between the last-mentioned ring and 
the surface of the planet at 4"'34. The entire breadth of ^ 
first and second rings ia 14,800 miles ; the distance of the ringt 
from the surface of Saturn, about 20,000 ; the space whiÄ 
s^arates the first from the second ring, and which repreaentl 
tlw black hne of division seen by Dominique Cassini, is <^tt 
1,560 miles. The moss of the rings is, according to Beaad, 
■j^T of the mass of Saturn. They present a few elevalüntiF 

nomona which are presented by Sntum and his ring, did not 
take place until the year 16Ö9, four years afterwards, in thB 

S^stema Satvrniuin. 

" Such mountain-like inequalities of surface have re«ent^ 
been again noticed by Lassell in Liverpool, by means of ■ 



r 
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and irregularities, by meana of which it has been possible to 
determine opprosimatiTely their period of rotation — exaotly 
ate eamc as that of the planet. The irregularities of form 
become perceptible oa the dier^earaace of the rinyt, when 
«ne ifl generally lost sight of before the other, 

A very remarkable phenomenon wos discovered by Schwabe, 
at Dessau, in September, 1827, — the eccentric poiiHon of 
Saturn. The ring is not eonccntric with the planet it«elf, 
but the latter ia situated somewhat to the westward. This 
obseryatioa has been confirmed — partly by micrometricol mea- 
BurementB — by Harding, Struve," John Herachel, and South. 
Tlie Bmall differences in the degree of eccentricity, appearing 
periodicaHy, which result from the corresponding observations 
of Schwabe, Karding, and De Vico in Rome, arc perhaps con- 
sequences of oscillatioDB of the centre of gravity of the ring 
about the geometrical centre of Saturn. It is surprising that 
so early as the end of the seventeenth century, a priest of 
Avignon, named Gallet, attempted unsuccessfully to direct the 
attention of astronomers to the eccentric position of Saturn." 

twenty-feet reflecting telescope of his own construction. 
Sejiort of Hie British Äsaodalionr, 1850, p. 35. 

*" Compare Sardinia's Kleine EpJiemeriden for 1835, 
p. 100; and Struve, in Schumacher's Astr. Nachr. No. 139, 
p. 389. 

'^ In the Aeiia Eruditorum pro anno 1684, p. 424, is as an 
extract from the &/atema Phtenomenorvm Satwm, autore 
Oalletio, proposito eccl. Avenionensia ; •' Nonnunquara corpus 
Sstumi nan exacte annvli medium obtinere visum fuit. Mino 
evenit, ut, quum planeta orientalis est, centrum ejus extre- 
mitati oricntali annnli propius videatur, et major pars ab 
occidentali latere sit cum ampliorc objcuritate." " Sometimes 
the mass of Saturn appeared not to reach exactly the middle of 
Ms ring. Hence it happens that when that planet is in tha 
east hia centre appears nearer to the eastern estremity of the 
xing, and the greater part is away fram the western side with 

jater obscurity." 
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With tbe extremely minute density of Batum (perhaps scDrcely 
^ the density of water) and its decrease towards the sur&M, 
it is difficult to form a conception of the vwlecular cotiiittM 
or material constitution of the body of the planet, or even 
to decide whether this Constitution actually presuppoiet 
fluidity, i. e. mobility of the smallest particles, — or solidi^, 
according to the frequently adduced analogies of pine-wood, 
pumice-stone, cork, or a »olidified liquid — ice. Horner, tlie 
astronomer of the Srusenstem expedition, calls the ring of 
Saturn a train of clouds ; he maintain» that the mountains <rf 
Saturn consist of moases of vapour." Conjectural asb-onomy 
exercises here an unrestricted and tolerated play. Of an 
entirely difiercnt nature are the serious speculations of twi>' 
distinguished American astronomers. Bond and Peiice, 
as to the possible »tahiUty of Saturn's rings, founded upon 
observationB and the analytical calculus.^ Both agree in 
their results in favour of öuidity, as well as continuon» 
variability in the figure, and divisibility of the outer ring. 
Tbe permanence of the whole is considered by Peirce u 
dependent upon the influence and position of the satellite^ 
because without this dependence, even icith Inei^ualitiet M 
the ring, the equilibrium could not be maintained. 

" Homer, in Oehlen's 7teuem pliyeik. Wm-terhueh, Bd. viiL 
1836, p. 174. 

" Benjamin Peirce, On the Constitiifim of Sa! urn' »Bing in 
Gould's Astron. Journal, 1851, vol, ii. p. 16. "The ring 
consists of a stream or of streams of a fluid rather denser than 
water flowing round the primary." Compare also SUliman'ft 
Amer. Journal, aer. ii. vol. xii. 1851, p. 09; and wiiH regard 
to the superficial inequalities of tbe ring, as well as disturbing 
and consequently preKPrving influences of the satellites. Sir 
John Herschel, Outline», p. 320. 



The Satellites of Saturn. 

Tbe five satellites of Saturn which have been known. 
longest were discovered between the years 1655 and 1684 
{2Vton, the sixth according to distance, bylluygens; and four 
by Cassini, viz. Japetuv, the outermost of all, Shea, Tet/ii/s, 
and IHone). These were followed by the discovery, by 
"William. Herschel, in 1789, of two, Mimas and Eaee- 
ladua, situated neai'est to the planet. Finally, the sevestb 
satellite, Hyperion, the last but one according to distance, 
was dbcovered almost simultaneously by Bond, at Cambridge 
(U.S.), and by Lassell at Liverpool, in September, 1848. 
The relative magnitudes and relations of distances in this 
partial system have been already treated of. {CosmoK, vol. i. 
p. 81, vol. iv. pp. 426-445). Theperiods qfrecoluticm and the 
mean distances, the latter expressed in fractional parts of 
the equatorial radiua of the primary, are, according to the 
obsen-ations instituted by Sir John Herschel, at the Cupe of 



Good Hope,'^ 


between 18a 5 


ind 1837, the following 








SsteUites 
according to 


SstelHtes 


Period of , 


Mmo 






the order of 




RcTolution. 


Distance. 






Cbeiidiacoverj. 


thpir diBtaQces. 












d. h. m. «. 








1. Mimu 


22 37 22-9 


3 


3G07 






2. Enceladus 


I 8 53 5-7 


4 


3125 






3. Tethys 


1 21 18 2ä-7 


a 


3398 






4. Diooe 


2 17 41 8-9 




M398 






G. Kbca 


4 12 25 10-B 


9 


5528 






6. Tilaa 


15 22 41 25-Z 


22 


1450 






7- Hyperion 


22 12 ? 


28 


0000? 




m 


' 


B. Japetus 


79 7 53 40-4 


fll'3590 





" Sir John Herschel, Eesulis o/Anlron. Olxervnlion* "( 
tlie Cape of Good Hope, ^^, 414-13LI; the same, lu the Oiii- 
-lixes ofAstr. p. 650, and upon the law of distances, \ 
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Between the first four satellites nearest to Saturn a 
remarkable relation of commensti/rahility m the period of revO' 
Jmtion presents itself. The period of the third satellite 
{Tsthya) is double that of the first {Mimas) -, that of the 
fi:>urth {Diane) double that of the second (Enceladus)» Hie 
closeness of this relation extends to -g-J^ of the longer periodB« 
This unnoticed result was communicated to me by Sir John 
Herschel in a letter as long back as 1845. The four satellites 
of Jupiter present a certain regularity in their distances, 
forming very nearly the series 3, 6, 12. The distance of the 
second fix)mthe first expressed in diameters of Jupiter is 3*6; 
the distance of the third from the second, 5*7; that of the 
fourth from the third, 11 '6. Moreover Fries and Challis 
have endeavoured to prove the so-called law of Titius in all 
satellite systems, even in that of Uranus.*' 

IJbanus. 

The acknowledged existence of this planet, the great dis- 
covery of William Herschel, has not only increased the 
number of the principal planets known for thousands of years, 
and more than doubled the diameter of the solar regions, — ^it 
has also, after the lapse of sixty-five years, led to the dis- 
covery of Neptune, through the disturbances which it under- 
went from the infiuence of the latter. Uranus was discovered 
accidentally (13th March, 1781) during the examination of a 
small group of stars in Gemini by its small disc, which with 
magnifying powers of 460 and 932 increased far more con- 
siderably than was the case with other adjaceot stars. The 
sagacious discoverer, so thoroughly acquainted with all optical 

^ Fries, Vorlestmgen über die Sternkunde, 1833, p. 325; 
Challis, in the Transact, of the Cambridge Fhilos, Society^ 
vol. iii. p. 171. 
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phenomena, also observed that the lummoua istensity äe- 
creased considerable in proportion as stronger magnifj'iDg 
powers were employed while in the fixed stars (6th and 7th 
magnitude) it remained nearer the saiae. 

When Hersehel first announced the existence of Uranus he 
called it a comet, and it was only bj- the united labours of 
Saron, Lcxell, Laplace, and Mechain, which were considerably 
&cililatcd by the discovery made by the meritorious Bode in 
1784 of the previous observations of the planet by Tobias 
Mayer (1756) and Flamatead (1690), that the elliptical orbit 
of Uranus and the whole of its planetary elements were deter- 
mined with admirable celerity. According to Hansen, the 
mean dUtanee of Uranus from the Sun is 1,918,239 or 
1586 million geographical mites ; his period of sidereal rv7x>lu- 
tion, 84 y. 5d, 19h. 41m. 36s.; the inclination of bis orbit to 
the ecliptic, 0° 46' 28" ; his apparent diameter at the mean dis- 
tance from the Earth, V'd. His «km«, which was determined 
ae Yj- ^ -t; from the first obserrations of the satellites, is, ac- 
oording to Laraont's obserrations, only yj-J^jj; consequently 
kis dentify would be between those of Jupiter and Saturn.* 
A flattening of Uranus was already conjectured by Hersehel 
from his observations with magnifying powers of from 800 to 
2,400. According to Madler's measurements in 1 842 and 1843, 
it would appear to fall between y-g.y and ■j'-^.*' The original 
TOppoeitioa that Uranus had two rings was found to be 
an optical illusion by the discoverer himself, in all cases so 
Cftatious and persevering in confirming his discoveries. 



" William Hersehel, Account of a Cmnet in the Phi 
Transact, for 1781, vol. kxi. p. 492. 

* Cosmos, vol. iv. p. 446, 

" Madler. in Schumacher's Mtr. Jffachr. No. 493. (WSJ 
tegard to the flattening of Uranus, compare Arago, J 
*t 1842, pp. 577-579.) 



The Satellites of TJea-KUS. 

" Uranus," says Sir John Herechel, " is attended by 
satellites — four at least, probably five or six." They present 
a great and hitherto unparalleled peculiarity, viz. that wh3s 
all satellites (those of the Earth, of Jupiter, of Saturn), as well 
as all the principal planets, move from west to east; and with 
the exception of a few asteroids in orbits not much inclined 
towards the ecliptic, the satellites of Uranua move from eaxtto 
west in orbits which are nearly circular, and form an angle a( 
78" 58' with the ecHptic — very nearly perpendicular to it. In 
the case of the satellites of Uranus, as well as those of Saturn. 
the arrangement and nomenclature, according to their dütonert 
from the priniaiy, are to be distinguished from the atratye' 
meat according to the epoch of dUcoeery. According to A 
private communication from Sir John Herschel (Novembar 
8th, 1851), Mr. Lassell has distinctly observed on the 24tit, 
28tb, aoth of October, and 3nd of November of the above 
year, two satellites of Uranus, which appear to be situated 
Btill nearer to the primary than the first satellite observed by 
Sir WiUiam Herschel, to which he ascribed a period of revo- 
lutioD of about 5 days and 2 1 hours, but which was not recog- 
nized. The periods of revolution of the two satellites now 
seen by Lassell were near to 4 and 2^ days. Of the satellites oC 
Uranus the second and fourth were first discovered by William 
Herschel in 1787,lhen the first ami fifth in 1790, and, finally, 
the sixth and third in 1794. During the fifty-sis years whicb 
have elapsed since the last discovery of a Uranus satellite (the 
third), the existence of sis aatelHtea has frequently been un- 
justly doubted ; the observations of the last twenty years bnve 
gradually proved how trustworthy the great discoverer of 
Slough has been in this as in all other branches of plonet^jr 
astronomy. Those sateUitea of Uranus which have 



again up to fbis time are Üie first, second, fburth, and nxth. 
Perhaps it may be Tcnturcd to add the third, after the obeer- 
^-ations of LasscU on the 6th N'orember. 1848. On aceount of 
the large opening of his reflecting telescope, and the abundance 
of light tbuB obtained, the elder Herschel considered that 
with the sharpness of his Tision, under fovoursbte atmospheric 
circumstances, a magnifying power of 157 was sufficient; his 
eon recommends in general a power of 300 for these extremelv 
Hmail luminous discs (Inminous point«). The second and 
fourth satellites were seen again the earlic«it, the most fre- 
quently and positively by Sir John Herschel, from 1828 to 
1S34, in Europe and at the Cape of Good Hope, subsequently 
by Lamont at Munich and Iiussell at Liverpool, llie first 
satellite of Uranus was found by Laasell (September 1 4th 
to November 9th, 1847), and by Otto Stmve (October 8th to 
December 10th, 1 847). The outermost (the sisth) by Lamont 
(October Ist, 1837). The fifth appears never to have been 
seen again, and the third not satisfactorily enough." The par- 
ticuiais here put together are not without importance, also for 
the reason that they tend to excite caution in not placing too 
much confidence in ao-caUed negative evidence. 



Neptcne, 



The merit of having successfully conducted and announcci 
an inverse problem of disturbance, that " of deducing fri 
the given disturbances of a Icnown planet the elemeuts of an 
tinknowii one," and even of having by a bold prediction occa- 
pioned the important discovery of Neptune by Gallc on the 
23rd of September, 1846. belongs to the faculty of acute 



e^^^^ 



" For the observations of Lassell at Starfield (Liverpool). 
and of Otto Struve, compare Monthly Kotiees of the Roi/al 
Axtrcm. Soe. vol. viii. 1848, pp. 43-47 and 135-139 ; also 
I. Aslr. Nachr. No, 623, p. 365. 
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reasoning and the peraevering industry of Leverrier." This is, 
as Encke expresses hitoself, the moat brilliant of all plauetaij 
disooveries, because purely tbeoretioal investigations haw 
rendered possilile the prediction of tlie existeoce and the place 
of the new planet. The celerity with which the planet wa» 
afterwords found, was itself favoured by the excellent sta^ 
chart drawn up by Breraiker for the Berlin Academy." 

Whiie among the distances of the exlJjrior planets from 
the Sun, that of Saturn (953) is nearly double as gi'ent n 
tlie distance of Jupiter (5'30), the distance of Uranus (19-18) 
is, however, more than double that of Saturn ; so the distance 
of Neptune (30-04) is less than that which would be w. 
quired for a repeated doubling of the distance by full ten 
times the distnnce of the Earth from the Sun, i.e. an ^itire 
third of Neptune's distance from the Sun. The planeian 
boundaries were at that time 2484 million of geographical 
miles from the central body. By the discovery of Neptune 
the landmark of nui- planetary knowledge bos been advanced 
more than 892 million miles further (more than 10-8 timea 
the distance of the Sun from the Earth). According as the 
disturbances are recognized which each, last planet ex- 
periences. 80 will other planets be gradually discovered which 
now remain invisible by means of our telescopes on aeoouat 
of their remoteness." 

According to the most recent determinations, Neptoae's 
period of reoohitio/i is 60126-7 days, or 164 years and 13S 
days, and his half major axis 30'03628, ITie eecentriciiy of 



n Lindcnau, Beitrag zur Oexchiehte der 
Jlfeptuiu-Entdeckunff in the supplementary sheet to Sebum. 
Aitr. Nachr. 1849. p. 17. 

" Agtr. JSeehr. No. 680. 

" Leverrier, Eechercheg ««• les mouoemena de la PlaniU 
Ssrschel, 1346, in the CvnnaitaanBe des Tempapour Van lUlL 
p. 2d4. 
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bis orbit, next to that of Vgdub the Bmallest, is 0-00871946 ; 
liis maag, -^xxzZ' ^'^ t^parent diameter, accordiog to Encke 
and Galle, 2"*70, according to Challia even 3"-07 ; which givEB 
as his ifensiVy, in comparison with the Earth, 0'23O ; greater, 
therefore, than that of Uranus O-nS." 

Soon after the first discovery of Neptune by Galle, a. ring 
was ascribed to him by Lassell and Challia. The formet 
employed a magnifying power of ÖC7, and endeavoured to 
determine the considerable inclination of the ring to tho 
ecliptic ; but subsequent investigations have, aa long before, 
in the case of Uranus, contradicted the opinion of the exist- 
ence of a ring round Neptune. 

I dare scarcely allude in this work to the certainly earKer 
labours of the distinguished and acute English geometrician, 
Mr. Adams, of St. John's College, Cambridge. The histori. 
cal facts which refer to these labours, and to Leverrier's and 
Oalle's happy discovery of the new planet, have been circum- 
stantially and impartially developed from reliable sources in 
two works, by the Astronomer Royal, Airy, and by Bernhard 
Von lindenau." Intellectual endeavours, almost simultane- 

" The very important element of the mftss of Neptune has 
been gradually increased from aaja j according to Adams, 
^^^ jjn Recording to Peirce. ittIttt according to Bond, and 
-(-j-fj^ according to Sir John Hei-schel, ^j^gp according to 
Lassell, to tt\it according to Otto and August Struvc. The 
but result has been adopted in the text. 

" Airy, in the Monthly Notice» of tie Soi/al Jstnmomieal 
Society, i-ol. vii. no. 9 (November. 1846), pp. 121-152. Bern- 
bard von Lindenau, Beitrn<f sur Qetohiehte des Neptwns- 
ÜKldeciung, pp. 1-32, and 235-238. At the instigation of 
Arago, Leverrier commenced, in the summer of 1843, his 
investigations of the theory of Uranua, The results of this 
investigation he laid before the Institute on the 10th of 
November. 1845. the 1st of June, 3lst of August, and 5th of 
October. 1846, vinA published \kera at the same time; but the 
_)Koet extensive and important of Leverrier's labours 1 



oiislj directed to the eame important end, present in üiät 
laudable competition Bo much the more interest, as th^ tes- 
tify by the selection of means to the present distinguiahed 
condition of higher mathematical knowledge. 



contained the solution of the whole problem appeared in Ute 
Convaitswnce des Teinpt powr I'trn 1849. Adams laid the fiirt 
results which he httd obtained for the disturbing planet before 
Professor Challis in September, 1845, without having them 
printed, and together with some alterations in October of the 
same year, before the Astronomer Royal, still without mokii^ 
them public. The latter received the final results of Adam, 
with fresh corrections referring to a decrease of the distance, 
in the commencement of September, 1846. The young Cam- 
bridge geometrician expresses himself upon the chronalt^otJ. 
succession of the inTcstigations which were directed to one 
md the same object with as much modesty as self-denial: "I 
mention these earlier dates merely to show that my resnbs 
were orrived at independently and pretiously to the publiev 
tion of M. Levenier, and not with any intention of inter- 
fering with hia just claims to the honour of the disoovery. 
For there is no doubt that his researches were first published 
"to the world, and led to the actual diacorery of the planet bf - 
Dr. Oalle : bo that the facts stated above cannot detract in 
the slightest degree from the credit due to M. Leverricr," 
Since, in the history of the disco-very of Neptune, mention it 
£:equently made of an early share which the great Königs- 
berg astronomer took in the hope already expressed by Aloiü 
Bonvard (the author of the tables of Uranus) in the year 1S34, 
"ofthedisturbnnceof Uranus by a yet unknown planet," it wiD. 
perhaps not be unacceptable to many readers of the CbnMf 
introduce here part of a letter which Bessel wrote to OU 
le 8th of May, 1840 (therefore two years before hia ooa- 
ition with Sir John Rerschel, during his visit to CoUiBg- 
3od) : " You request me to give you information as to tM 
planet beyond Vraau». I could indeed refer you to friends in 
lionigsberg who, from misunderstanding, fancy that they know 
more about the matter than I do myself. I chose as the sub- 
ji-ot of a public lecture delivered upon the 28th of Fel 
1840, the development of the connection bclw 
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Sateilites op Nkptune. 




While in exlerior planets the esistenoe of a ring presents 
itself only in one solitary instance, and its rarity permits of 
the conjecture that the organ and formation of an unconnected 
girdle depends upon the conjunction of peculiar and difficultly 



mieal obsemalions and n»ironoiiiy. The public know no differ- 
ence between the two ; consetiueotly their opinion was to be 
corrected. The indication of the development of astrono- 
mical knowledge from observations, naturidly led to the re- 
mark that we can by no means affirm that our theory explains 
all the motions of the planets. Uranus afforded a proof of 
this, the old observations of which do not at all accord with 
elements which coincide with the later observations from 17811 
to IB20. I believe timt I once told you that I have worked 
much upon this subject, but have come to no other result 
than the eertamtij that the present theory, or much rather its 
application to the golar sffstet», as we are acquainted iinth it, 
was insufficient to solve the mystery. NeverthelesB, it must 
not on that account be considered upon my opinion to be 
unsolvable. We must first know accurately and completely 
what has been observed of Uranus. By the aid of one of my 
young hearers, Flemming, I have had all the observations re- 
duced and compared, and thus the existing facta now lie before 
me complete. While the old observations do not agree with the 
theory, the more recent ones agree still less ; for now the error 
is a whole minute, and increases annually about 7" to 8", so 
that it will soon be much greater. I was therefore of opinion 
that the time might come when the solution of this mystery 
might perhaps be found in the discovery of a new planet 
whose elements might be ascertained by its influences upon 
Uranus, and confirmed by those exerted upon Saturn. That 
this time has already arrived I am far from saying, but I shall 
ammine now Itowßir the existing facts can carry us. This is 
an investigation which I have pursued for so many years, and 
on account of which I have followed so many views, that its 
results especially interest me, and shall therefore be brought 
to an end as soon as possible. I have great confidence in 
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fulfilled conditions; so on the contrary the existence of satel- 
lites accompanying the exterior planets (Jupiter, Saturn, 
Uranus), is a phenomenon as universal as the former is rare. 
Lassell discovered with certainty*' the first satellite of Neptune 
so soon as the conmiencement of August, 1847, in his large 
twenty-feet reflector, with a 24 inch aperture. Lassell's dis- 
covery was confirmed by Otto Struve** at Pulkowa (September 
11th to December 20th, 1847), and Bond,»» the director of the 
observatory at Cambridge (U. S.) (September 16th, 1847). 
The Pulkowa observations gave : the period of rotoHon ci 
Neptxme's satellite 5d. 21h. 7m. ; the inclination of its orbit to 
the plane of the ecliptic, 34° V ; the distance from the centre 
of the primary, 216,000 geographical miles; the mass, xrivw- 
Three years afterwards (August 14th, 1850), LasseU discovered 
a second satellite, for the examination of which he employed 
a magnifying power of 628.*"** This last discovery Uks not, I 
believe, been confirmed by other observers, 
■ - ■ ■ ■ ■ ■ - ■ - - ■ . - 

Flemming, who will, in Dantzic, to which place he has been 
-called, continue the same reduction of observations for Saturn 
and Jupiter which he has now made for Uranus. It is, in my 
opinion, fortunate that he has (for the present) no means oi 
observation, and has no lectures to deliver. A time will 
indeed come when he must institute observations with a defi^ 
mte aim; then he should no longer want the means of carrying 
them out any more than he does the ability to do so.*' 

^ The first letter in which Lassell announced the discoveiy 
Was on the 6th of August, 1847. (Schumacher, Artr, 
Nackr. No. 611, p. 165.) 

* Otto Struve, in the Astr, Nacht, No. 629. August 
Struve, in Dorpat, calculated the orbit of the first satellite of 
Neptune from the observations at Pulkowa. 

•• W. C. Bond, in the Jhroceedinga of the American A om km f 
of Arts and Sciences, vol. ii. pp. 137 and 140. 

*~ Schum. Astr. Nachr. No. 729, p. 143. 
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comets, which Xenocrates and Theon of Alexani 
tiyil-clouds, and which according to an old Olialdeas 
belief, Apollonius Myndius considered to " ascend periodi- 
cally firom great distances in long regulated orbits," though 
subject to the attractive force of the central body, form a 
peculiar and separate group in the solar regions. They are 
distinguished from the planets, properly so called, not merely 
by the eccentricity of their orbits, and what is still more 
important, their intersection of the planetary orbits; they 
also present a yariability of figure, a change of outline, which 
in aonae instances has been observable during tlic space of 
a few hours ; as, for example, in the Comet of 1 744, so accu- 
rately deacribed by Ilensius, and at the last appetiraiice of 
Halley's Comet in 1835. Before Enckc had diacovei'ed the 
esistenee of interior comets of short periods of revolution, 
whose orbits were enclosed within lliose of the planets, 
dogmatic speculations, founded upou iaise analogies as to the 
increasiug eccentricity, magnitude, and decreasing density in 
proportion to the distance from the Snn, led to the opinion 
that 'planetary bodies of enormous volume would be diseo- 
Tered beyond Satwn, levobiug in eccentric orbits, and 
" formiDg an intermediate group between planets and comets, 
and indeed that the last estevior planet ought to be called 
comet, since perhaps its orbit intersected that of Sati 
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the planet next to it."^ Such an opinion of the connection 
of forms in the universe, analogous to the frequently mis- 
employed doctrine of transition in organic natiire, was shared 
by Immanuel Kant, one of the greatest minds of the eighteenth 
century. At two epochs, twenty-six and ninety-one year» 
after the Natv/rgeschichte des Himmels was dedicated to the 
great Frederick by the Königsberg philosopher, Uranus and 
Neptune were discovered by William Herschel and Galle; 
but the orbits of both planets have a less degree of ecceur 
tricity than that of Saturn ; if even the latter is 0*056, so 
on the contrary Neptune, the outermost of all known planets, 
moves in an orbit whose eccentricity is 0*008, nearly the 
same as that of Venus (0006). In addition to this, Uranus 
and Neptune present none of the predicted cometary cha- 
racters. 

As in more recent times (since 1819), the discovery of 
Encke's Comet was gradually followed by those of five inte* 
rior comets, forming as it were a peculiar group, the semi- 

^ " By means of a series of intermediate members," says 
Immanuel Kant, *'the last planets beyond Saturn woiüd gra- 
dually pass into comets, and so the last species would be 
connected with the first. The law according to which the 
eccentricity of the planetary orbits is proportionate to the 
distances of the planets from the Sun, supports this conjecture. 
The eccentricity increases with the distance, and consequently 
the more distant planets approach nearer to the definition <m 
comets. The last planet and the first comet may be called 
that body which in its perihelion intersects the orbit of the 
adjoining planet, perhaps that of Saturn. Our theory of the 
mechanical formation of the cosmical bodies is also clearly 
proved by the magnitudes of the planetary masses which 
increase with the distance from the Sun." — Kant, Natwr» 
geschickte des Simmeis (1755), in his Sämmtliche JVerke^ 
Th. vi. pp. 88 and 195. At the commencement of the fifth 
section (p. 131), he speaks of the former cometary tiatur§ 
which Saturn was supposed to have possessed. 
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snajor asis of whose orbits for the most part resembles those 
of the small planets, the question was raised as to whether 
the group of interior comets may not, as is conjectured by 
Gibers, in Lis hypothesis respecting the small planets, 
originally have formed a single cosmieal body ; whether the 
large comet may not have been separated into several by the 
influence of Mars, in the same way that such a separation, as it 
were a hipartition, took place under the eye of the observer 
in the year 18-16, on the occasion of the last retmii of the 
interior comet of Biela. Cerlaiu similarities in their elements 
iave induced Professor Stephen Alexander, of the College of 
New Jersey, to institute investigations' as to the possibility 
■of a common origin of the asteroids between Mars and 
Jupiter, with some or even all of the comets. The grounds 
of analogy which have been deduced from the nebulous 
envelopes of the asteroids must, acooiding to all more recent 
and accurate observations, be renounced. The orbits of the 
.1 planets are not parallel to each other ; that of Pallas 



Stephen Alexander, " On the Similarity of arrangement 
'^ the Asteroids and the Comets of short period, and the 
■poBsibility of their common origin," in Gould's A»trow>m. 
Journal, no. 19, p. 147, and no. 20, p. 181. The author 
■distinguishes, with Hind, {Schum. Astr. N'achr. No. 724), 
" the comets of short period, whose semi-axes are all nearly 
the same with those of the small planets between Mars and 
Jupiter ; and the other class. Including the comets whose 
-mean distance or semi-axis is somewhat less than that of 
Uranus." He concludes the first essay with this remai'k : 
*' Different facts and coincidences agree in indicating a near 
appulse if not an actual collision of Mars with a lai-ge comet 
in 1315 or 1316, that the comet was thereby broken into 
three parts, whose orbits (it may be presumed) received even 
then their present form ; viz. that still presented by the 
«omets of 1812, 1815 and 1846, which are fragments of the 
dissevered comet." 



certainly presents the phenomenon of an extreme incliBation 
but with all the want of parallelism, between their own 
orbits, still iheg do nol intersect in a cometary maimer as; 
one of the orbits of the large older, »'. e. earlier discorewd, 
planets. This circumstance, so extremely essential in ttraj 
assumption of a primitive projectile direction and projectile 
Telocity, appears, besides the difference in the physical 
stitution of the interim- comets, and the entirely vapourii» 
»mall plimets, to render the similarity of origin of both ktndt 
f eosmical bodies very improbable. Laplace also, in tui 
theory of planetary genesis from rings of vapour revolving 
roand the Son, in which matter ag^egates into spheit« 
aioimd a nucleus, considered it' necessary to separate 
; comets from the planets : " Dwna Vhypothcte Je» sma 
de vapeurs et d'ati noi/au i'aceroinsant par la condemaliai 
de Vatmosphere qui Venvironne, leg comelt» stmt Strangim | 
ou Systeme planetaire."^ "According to the bypotheus of , 
Bones of vapour, and of a nucleus increasing by the con* 1 
densation of the atmosphere which surrounds them, the cometf 
ate strangers to the planetary system," ' 

"We have already directed attention, in the Delineation»«^ \ 
Nature,* to the fact that the comets at the same time poonti \ 
the smallest mass, and occupy the lai^est »pace, of any bodiet 
in the solar regions; in their number also they exceed aB 
other planetary bodies, the theory of probabüitieB, appüed ' 
to 'the data of the equable distribution of the orhita, the 
loimäariea, the periheliom, and the possibility that 
reMain invisible, indicates the existence of many th< 
We except the aerolites or meteoric asteroids, aa thor 
nature is still enveloped in great obscurity. Among ihc 

» Laplace, Ihpos. du Si/st. dv Monde (ed. 1824). p. 4H. 
' On Comets: in the Delineation of Natwre, see O atmHi 
■vol. i. pp. 84—97. 



COMETS. 537 

comete, those must be distiaguishcd whose orbits have been 
calculated by astronomers; aad such of which there are only 
incomplete observations, or mere indications recorded- Ajb, 
according to Galle's last accurate enumeration, 178 bad been 
calculated up to the year 1S47, so it may be admissible to 
adopt as the total number, with those which have beea 
merely indicated, the assumption of sis or seven hundi-ed' 
observed comets. When the Comet of 1682, predicted by 
Haliey, appeared again in 1759, it was considered very re- 
markable that three comets should be visible in the same 
year. At the present time, the investigation of the heavens 
is carried on simultaneously at several parts of the globe, 
and with such energy, that ia each of the years 1819, 1825, 
and 1840, four were discovered and calculated, in 1826 five, 
and in 184G even eight. 

Of comets visible with the naked eye, more have been 
observed recently than during the latter part of the previous 
century ; but among them those which have a great brilliancy 
in the head and tail, stiU remain, on account of their uiilre' 
quency, remarkable phenomena. It will not be without 
interest to enumerate how many comets, visible in Em-ope 
to the naked eye, have appeared during the last centuries. 
The epoch in which they were most numerous was the 
Msteenth century, during which 23 such comets were seen. 
The seventeenth numbered 12, and of these only 2 during its 
first half. In the eighteenth century only 8 appeared, but 9 
during the first fifty years of the nineteenth century. Among 
these, the most beautiful were those of 1807, 1811, 1819, 
1835, and 1843. In earlier ages, thirty or forty years have 
frequently passed without such a spectacle presenting itself in a 
single instance. In the years, however, during which comets 
seldom appear, there may be a number of large comets whose 

° In the seven half centuries from 1 500 to 1 850, altogether 
52 comets have appeared which were visible to the naked ei/e; 



538 



COSMOS. 



perihelia are situated beyond the orbits of Jupiter and Saturn. 
Of the telescopic comets, there are at the present time upon 
an arerage at least 2 or 3 discovered annually. In three «tie- 



in separate succession during seven equal periods, 13, 10, 2, 
10, 4, 4, and 9. The following are the individual years : — 



1500—1550 

13 Com. 
1600—1650 

1607 

1618 



2 Com. 



1700—1750 
1702 
1744 
1784 (2) 

4 Com. 



1550—1600 

10 Com. 
1650—1700 

1652 

1664 

1665 

1668 

1672 

1680 

1682 

1686 

1689 

1696 

10 Com. 
1750—1800 
1759 
1766 
1769 
1781 

4 Com. 



1800—1850 
1807 
1811 
1819 
1823 
1830 
1835 
1843 
1845 
1847 



9 Com. 



w 



ce»giee mootlis (1840) Galle discoTered 3 new cometa 

1764 to 1798, Messier discovered 12; from 1801 to 18! 
Pons discovered 27. Thus Kepler's expression as lo 
nujnber of comets in the universe appears to hold good 

Of not less importance is the carefiil catalogue of cometa 
which have appeared in China, and whicli Edward Hiot has 
made known from the collection of Ma-tiian-lin. It reaches 
back heyond the foundation of the Ionic sohool of Thales 
and the Lydian Alyattes ; and comprises, in two sections, the 
place of the comets from 613 years heforc our own era until 
1222 years afterwards, and then from 1222 to 1644, the 
period iu which the dynasty of Ming ruled. I repeat here 
(see Cosmos, vol, i. p, 84), that while from the middle of the 
third to the end of the fourteenth century it was necessary 
calculate comets exchisively from the Chinese ohservatioi 
the calculation of Ilalley's Comet, on its appearance in t 
year 1456, was the first calculation which was made frt 
altogether European ohservationa, those of Regiomontam 
These latter were again followed by the very accurate obsi 
yations of Apianus at Ingoldstadt, upon the occasion of t 
reappearance of Halley's Comet in August of the year 1531. 
In the interval (May, 1500), appeai'ed a magnificently bril- 
liant comet,' rendered famous by African and Brazilian travels 

Of the 28 Comets visible to the naked eye which are here 
enumerated in the sixteenth century (the epoch of Apianus, 
Girolamo Fracastoro, Landgravine William IV. of Hesse, 
Mastlin and Tyeho) 10 were described by Pingrfe, namely, 
those of 150Ü, 1505, 1506, 1512, 1514, 1516, 1518, 1521, 
1522, and 1530; further the Comets of 1531, 1532, 153 3. » 

1556, 1558, 1569, 1577, 1580, 1582, 1585, 15S0, 1593, an^H^H 

* This is the "evil-disposed" comet to which was ascribel^^^^H 
**«■ death of the celebrated Portuguese discoverer Barthoi^^^^B 
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of discovery, which was called in Italj Siffnar Astone, the 
^^reat Asia, Laugier^ has detected, by similarity of the ele- 
ments in the Chinese observations, a seventh appearance of 
Halley's Comet (that of 1378): as well as that the thiid 
comet of 1840, discovered by Galle,^ on the 6th of March, 
appears to be identical with that of 1097. The Mexicans 
also connected events in their records with comets and other 
observations of the heavens. The Comet of 1490, which I 
discovered in the Mexican manuscript of St. Tellier, and <tf 
which an engaving is inserted in my Monvmens des ^eupim 
indigenes de VAmeriquey I have found, singularly enough, to 
be mentioned as having been observed in December of that 
year only in the Chinese comet-register.' The Mexicans 
had inserted it in their register twenty-eight years before the 
first appearance of Cortes upon the coasts of Vera Cna 
(Chalchinhcuecan) . 

I have in the Delineations of Nature {Cosmoi, vol. i. 
p. 86) treated fully of the configuration, alterations of form, 
light, and colour of comets, the emanations firom their heads 



lomeeus Diaz, by shipwreck, as he was sailing to the Cape of 
Good Hope ; Humboldt, Examen Orit, de VSitt, de la Geoft, 
tom. i. p. 296, and tom. v. p. 80. (Sousa, Ama Fortug. torn. i. 
p. 1, cap. V. p. 45.) 

' Laugier, in the Connaissance des Temps pov/r Van 1846, 
p. 99. Compare also Edward Biot, Recherches sur les An- 
ciennes Apparitions Chinoises de la Comete de Salle^ ante' 
rieures ä Varmee 1378, op. cit. pp. 70-84. 

® Upon the comet discovered by Galle in March, 1840, see 
Schumacher, Astr, Nachr, Bd. xviii. p. 188. 

• See my Vues des Cordilleres (ed. in folio), pi. Iv. fig. 8, 
pp. 281, 282. The Mexicans had also a very correct view of 
the cause of a solar eclipse. The same Mexican manuscript, 
written at lejist a quarter of a century before the arrival of 
the Spaniards, represents the Sun as almost entirely covered 
by the Moon's disc, and with stars visible at the same time. 



hieb bent backward,'" form the tails, from the obserrations 
[ Hensius (1744), Bessel, Struve, and Sir John Ileraobel. 
Besides the magnificent Comet of 1843," which could be seen. 
by Bowring in Chihuahua (N.W. America) aa a email white 
cloud from cine o'clock in the morning until sunset, and by 
Amici, in Parma, at full noon, 1° 23' eastward of the Sun," 

'" This formation of thi: tail at the anterior part of the 
comet's head, which baa occupied Bessel's attention so much, 
was the opinion of Newton and Winthrop (compare Ncwton'a 
JVtMcipia, p. 51 1, and Philo». Transact, vol. Ivii. for the year 
1767. p. 140, fig. 5). Newton considered that the tail was 
developed most considerably and longer near the Sun, be* 
cause the eogaiical ether (which we call with Encke the 
resigling medium) was the densest there, and the particuia 
caudts, strongly heated and supported by the ether, ascended 
more easdy. Winthrop considered that the principal eflbct 
did not tcdie place until some time after the perihelion pas- 
sage, because, according to the law established by Newton 
(.Primcipia, pp. 424 and 466), the masima are universally re- 
tarded (in periodical changes of heat as well as in ocean tides). 

" Ar.igo, in the Annitaire pour 1844, p. 395. The obser- 
vation was made by the younger Amici. 

" With regard tio the Comet of 1843, which appeared with 
nnesanipled splendour in Northern Europe during tie month 
of March, near Orion, and approached nearer to the Sun than 
any hitherto observed and calculated comet, all the details 
are collected in Sir John Hersobel's Outlines of Astronom^, 
5589-597; aadinPeirce,j*)Kmcti»^iWt»nai!^1844, p. 42. 
On account of physiognomical resemblances whose uncertain^ 
fnts already shown by Seneca (JTo/. Qjireat. lib. vii. caps. xi. 
and svii.), it was at first considered to be identical with the 
comets of 1668 and 1689 {Cosmo», vol. i. p. 128, note ; Galle, 
in Olbi'rs' CotnetonhahHen, nos. 42 and 50). Ikiguslanski 
(Sebum. Asir. Nachr. No. 545, p. 272) believes, on the con- 
trary, that its previous appearances were, with a revolution of 
147 years, those of 1695, 1548, and 1401 ; he even calls it the 
Oamel of Aristotle, " because be traces it back to the year 371 
before our era,and together with the talented Hellenist Thiersch 
if Munich, considers it to be a comet which is mentioned 



the first Comet of the year 1847, discovered by Hind n 
Cftpella, has very recently been visible at London, near 
Sun, on the day of its peritelion. 

the Meleorologicii of Aristotle, book i. cap. vi." But I would 
eail to mind that the name Comft of Aristotle is vague bU 
indefinite. If that one is meant which Aristotle states ti 
have disappeared in Orion, and which he connects with an 
earthquake in Achaia, it must not be foi^otten that this 
comet is stated by Caliisthenes to have appeared hffon, I7 
Piodoms afier, and by Aristotle at tliE time of the earthquaks. 
The sixth and eighth chapters of the Mfteorohgif treat of fon 
comets whose epochs of appearance are characterized hy the 
Archons at Athens, and by unfortunate events. In this place 
those are mentioned in order : the fcestfrn comet whidi 
appeared on the occasion of the great earthquake at Aobua, 
accompanied with floods (cap. vii. 8) : then the comet wl ' ' 
appeared during the time of the Arehon Eucles, the sor 
Molon ; afterwards (cap. vi. 10), the Stagirite comes again ta 
the western comet, that of the great earthquake, and fit die 
same time calls the Archon Asteus — a name wbieh inc 
rect readings have changed into Arist»U5. and whieb ' 
on that account erroneously considered by Fiagi'^, in hi> 
Cometaifrapkie to signify one and the same person si 
Aristhenes or Alcisthenes. The brilliancy of this comet of 
Asteus diffused itself over the third part of the sky ; the tul 
which was called its way {ölö<i) was also 60" in length. It 
extended nearly as far as Orion, where it gradually disap- 
peared. In cap. vii. 9, the comet is mentioned wbidk 
appeared simultaneously with the famous fall of aerolites 
near M^as Potamos (Coimos, vol. i- p. 103), and which can 
scarcely be a confusion with, the ntrolite-oloud described by 
DsmachoR, which shone for 70 days, and poured forth falling 
fltars. Finally, Aristotle mentions (cap. vii. 10\ a comet 
which appeared at the time of the Archon Nicomacfana, 
to which was ascribed a storm near Connth. These foor 
appearances of eomets occurred during the long period of 
32 Olympiads: vi», the fall of aerolites, according to the 
Pnrian Chronicle, 01. 78, 1. (468 b. c,)^ under the Arehm 
Theagenides ; the great comet of Asteus which appeared 



For the esplanation of what haa been said above of the 
remark of Ciimesi! astronomers on the occasioii of their 
observation of the Comet of March, 837, in the dynasty of 

at the time of the earthquake at Achaia, and disappeared 
in the cousteUation of Orion, in 01. iOl, 4 (373 it. c.) : 
Budes, the son of Molon, erroneously called Quclides Dio- 
dorua (xii. 53,) in 01 88, 2 (427 fl.c), as is also con- 
firmed by the commentary of Johannes Fhiloponus; the comet 
of Nicomnchua in 01. 109, i (341 b. c.)- The date as- 
signed by Pliny for the juhce e^gie$ miUata in hastani, is 
01. 108 {PUnim, ii. 35). Beneca also agrees in connecting 
the comet of Asteus {01, 101, 4} immediately with the earth- 
quake in Achaia, as he mentions the downfall of Bura and 
Helice, which towns Aristotle does not expressly mention, in 
the following manuer : '' Effigiem ignis longi fuisse, Callis- 
thenes tradit, antcquam Burin et Helicen mare absconderet. 
Aristoteles ait, nonlrabemillam,8edeometain fuisse." "CalUa- 
thenea affirms that the fiery shape appeared long before the 
sea overwhelmed Bui'is and Helice. Aristotle says that this 
was not a meteor, but a comet." (Seneca, Nut. Qure^t. vü. 5). 
Strabo (viii, p. 384, Cos.) places the downfall of these two 
frequeutly mentioned towns two years before the battle of 
Leuctra, whence again residts the date, 01. 1ÜI, 4. Finally, 
afler Cioduinis Sieulus had more fully described this event 
as having occurred under the Archon Asteus (xv. 48, 49J, 
lie places the brilliant comet which threw »hadows (xv. SÜ) 
under the Archon Alcisthenes a year biterj 01. 102, 1 
(372, A. c), and as a prediction of the decline of the 
Lacedajinonian rule ; but the later Diodoms had the habit of 
transferring an event from one year to another : and the oldest 
and most rehable witnesses, Aristotle and the Parian Chronicle, 
speak in favour of the epoch of Asteus before that of Alcis- 
^enes. Now since the assumption of a period of revolutlonfor 
the beautiful Comet of 1343 of 147| years, leads Boguslawski 
to assign to its appearauces the dates 1695, 154S. 1401, and 
1106 up to the year 371 before our era, the comet of the earth- 
guake of Acliaia corresponds with it, according to Aristotle, 
within two — according to Diodoms to within one year : which, 
^if we could know anything of the hiuiilarity of tho orbit, is, 
^Bhilien taking into consideration the probable disturbatice^. 



Thang, I insert here a tranalolioa from Ma-taan-lin of Ihc 
verbal Btatement of the law oF direction of the tail, It ii 
Baid there : " In general the tail of a comet which is situated 

during a period of 1214 years, certainly a very small error 
When Pingre, in the CrmietograpUe (1783, torn, i. pp. 25». 
262), relying upon Diodorus and tlte Archon AiciatlieiiBi 
instead of Asteus, places the comet in question in Orion, JB 
01. 102, and still in the commencement of July, 371 befbn 
Christ, instead of 373; the reason perhaps lies in the cip- 
cmnstance that, like some other astronomers, he charactcriso 
the first year before the Christian era, as anno 0. It ia tot« 
observed, in conclusion, that Sir John Herschel assumes tea 
the Comet of 1813, seen in full daylight near the Sun, aa 
entirely different period of revolution, one of 175 years; wUbIi 
leads to the years 1668. 1493. and 1318, as the dates of itt 
previous appearancea, (Compare Outline», pp. 208-372, witt 
Gallp. in Olbera' Cometmbahnen, p. 208 ; and Cosmo», toL i. 
p. 126.) Other combinations by Peirce and Clausen lad 
to periods of revolution of even 21^ or 7^ years: — a suffi- 
cient proof how hazardous it is to trace back the Comet 
of 1843 to the Archonship of Asteus, The mention of a comet 
under the Archonship of Nicomnchns, in the Meleorol. lib. i 
cap. vii. 10, Las at least the advantage of showing us thatthk 
work was written when Aristotle was at least 44 yeaiB of age. 
It has always appeared to me remarkable that the great man, 
as he was already 14 years old at the time of the earthquake at 
Aohaia, and of the appearance in Orion of the great comet 
with a tail 6(f in length, should speak with so little aniini- 
lion of so briliiant an object, and coatent himself with nume- 
rating it among the other comets " which had appeared ia Us 
time." I'he astonishment increases when in the same ctaapttt 
tUo statement is found that be had seen with his own eVH 
something misty, even a feeble haza (i.-o>7) round a fixed Vlax 
in the hip-bone of the Dog (perhaps Procyon in the smatl DwJ 
(Meleorol. i. 6, 9.) Aristotle abo speaks (i. 6, II) of Kg 
observation of the oecullation of a star in Gemini by the disc of 
Jupiter. With regard to the vaporous or nebulous onvelomt 
«f Procyon { ? ), it recalls to my mind a phenomenon of whidi 
fi^quent mention is made in the old Mesican annals ncoording 
to the Codex 'IVUerlanus. " This year," it is said there *■ VÜM- 



eutwQrds from the Sim is directed towards the east, colcu- 
latiDg from the nucleus ; but if the comet appears to the 
west of the Son, the tail turns towards the west."" Fracoa- 
toro and Apianus say, still more correolly, " Üiat a line 
produced llirough the head of a comet in the directioa of the 
axis of the tail meets the Sun." The words of Seneca are 
also characteristic : " The tails of comets fly from the Sun's 
rays." (Xat. Quast, vii. 20.) While among the yet known 
planeta and comets the periods of rotation dependent upon 
the half-raajor axis, the atorlesl and the longest of the planet» 
ire in the proportion of I ; 683, the proportion in the case 
of the comets is as 1 : 2G70. Mercury (87d-97.) is here 
compared with Neptune (60,136d'7.), and lie Comet of 
Enoke (3-3 years) with the Comet of 1680 (8814 years) 
observed by Gottfried Kirch at Coburg, Newton, and Halley. 
The distance of the fiicd star nearest to our solar system (o 
Centauri) from the aphelion (point of greatest distance from 
the Sun) of the last-named comet is determined by Encke in 
an excellent treatise. The small velocity of its motion (ten 
feet in a second) in this outermost part of its orbit, the 
greatest proximity which the Comet of Leiell and Burckhardt 
(1770) has attained to the «iriA (six times the distance of the 
Moon), and the Comet of 1630 (and still more that of 1843) to 
the Sun, I have already treated of in CoaTno», vol. i. p. 95, and 
vol. iv. pp, 351^353. The second comet of the year 1819, 
which appeared, in Europe, suddenly to break forth from out 
of the Sun's rays in considerable magnitude, passed, according 

eholoa smoked again;" this is the name of the planet Veni-^ 
Jiho called Tlazoteotl in the Aztec langTiage (see my Vuet 
den Cordilleres, torn. Ü. p. 303): this is probably, in the 
Grecian as well as the Mexican sky, a phenomenon of atmo- 
spheric refraction — the appearance of small haloes. 

** Edward Biot, in the Cmnpteg rendu», tont. svi. 1843, 
.. 751. 
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to the calculation of its elements, across the SurCs disc on the 
26th of June ;" unfortunately its passage was not observed. 
This must also have been the case v^ith the Comet of 1823, 
v^hich^ besides the ordinary tail turned from the Sun, had 
also another turned directly towards it. If the tails of both 
comets had a considerable length, vaporous parts of them must 
have mixed with our atmosphere, as certainly often happens. 
The question has been raised as to whether the wonderful 
mists of 1783 and 1831, which covered a great part of the Con- 
tinent^ were consequences of such an aämiontv/re ?^^ 

While the quantity of radient heat received by the Comets 
of 1680 and 1843 in such close proximity to the Sun has 
been compared to the focal temperature of a 32-inch burning 
mirror;^® a highly-deserving" astronomical friend of mine 



" Galle, in the Supplement to Olbers' Conietenhahnen, 
p. 221, no. 130. (With respect to the probable passage of 
the two-tailed comet of 1823, see Udinb. Bev. 1848, no. 175, 
p. 193.) The treatise shortly before quoted in the text, con- 
taining the true elements of the Comet of 1680, contradicts 
Halley's fantastic idea, according to which, with a presumed 
period of 575 years, it had appeared at all the great epochs 
of the human race : at the time of the Deluge according to 
Hebrew traditions, in the age of Ogyges according to Greek 
traditions, at the Trojan war, on the destruction of Nineveh, 
on the death of Julius Caesar, &c. The period of revolution 
resulting from Encke's calculation is 8814 years. The least 
distance from the surface of the Sun was, on the 17th of 
December, 1680, only 128,000 geographical miles; conse- 
quently 80,000 less than the distance of the Earth from the 
Moon. The aphelion is 853*3 times the distance of the Earth 
from the Sun, and the proportion of the smallest to the greatest 
distance from the Sun is as 1 : 140000. 

" Arago, in the Annuaire pour 1832, pp. 236-255. 

'« Sir John Herschel, Outlines, §. 592. 

" Bernhard von Lindenau, in Schumacher, Astr, Nachr. 
no. 698, p. 25. 
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maintains that " all oomets which ore without a solid nucleus. I 
(on account of their extremely small density), have no eolar 
bent, only the temperature of coamical space."" If we take 
into cousideration the numerous and strilitng analogies of 
the phenomena which, according to Melloni and Forbes, 
luminous and non-luminous sources of heat present, it ap> 
pears di£B.cult, in the present state of our physical reasoning, 
not to assume that processes go oa in the Sun itself which I 
simultaiveouBly piuduce radiant light and radiant heat by 
vibrations of the ether (waves of different lengths). The 
darkening of the Moon by a comet, stated to have taken 
place in the year 1-154, which the Jesuit Pontanus, the first 
translator of the Byzantine author, George Fhronna, believed 
that be hud discovered in a monkish manuscript, has long 
been mentioned in many astronomical works. This state- 
ment of the passage of a comet between the Earth and Moon 
in 1454 is quite as erroneous as that asserted by Lichtenberg 
of the Comet of 1770, The Chronicon of Phranza first ap- 
peared complete at Vienna in 1796, and it is said there 
espressly, that in the year of the world 6962. while an eclipse 
of the Moon took place, a cornel like a misl appeared and 
came near to tlie Moon quite in the ordinary manner, according 
to the order and circular orbiU of the keaiienly litmiTtarieg, 
The year of the world (=1450) is incorrect, as Phranza say» 
distinctly the eclipse of the Moon and the appearance of the 
comet were seen after the taking of Constantinople (May the 
19tb, 1433), and an eclipse of the Moon actually happened 
upon the 12th of May. 1454. (See Jacobs, in Zach's Monatl. 
Correnp. bd. xxiii. 1811, pp. 196-202.) 

The relation of Lesell's Comet to the satellites of Jupiter, 
and the perturbation which it suffers from them without infla- 
encing their periods of revolution ( Oosmos, vol. i. p. 96), have y 

* Cosmos, vol. iii. pp. 42 and 45. 
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been more accurately invcstigaled by Leroijier. Uemer 
discovered this remarkable comet aa a feeble ncbiilonB spot in 

Sagittarius upon the 14tb of Juoe, 1770; but eight do^ 
after, its nucleus slione as brightly as a star of the 2itd 
magnitude. Ui'fore the perihelioa paasngc, no tail «U 
-visible ; afterwards it developed itself by slight cmaoatiau 
scarcely one degree in length. Lcxell found for his comet U 
elliptic orbit, and the period of rotation of 5'585 years, whiii 
Burckhardt confirmed in bis excellent prize essay. According 
to Claosen it had ap]jroached the Earth upon the 1st of Julj, 
1770, to a distance of 363 times the Earth's radius (1.244.000 
ge<^raphical miles, or six times the Moon's distance). Tint 
the coraetwos not seen before March, 1776, and not latsr tlna 
October, 1781, according to Lesell's previouB conjcctnre, ia 
analytically demonstraUid by Loplace, in the fourth volunw at 
the Mecaniqae Celeste, from the perturbations occasioned by 
the Jovial system on the occasion of the approximatiaM in 
the years 1767 and 1779. l^everricr finds that according to 
one hypotbesis respecting the comelary orbits, this oomM 
passed through orbits of the satellites in 1779; according 1i> 
another, that it remained at a consideiable distance widtovt 
the fourth satellite." 

The molecular conditions of the head or nucleuB, so seldom 
posaesaiug a definite outline, as well as the tail of the cometB, 
is rendered so much the more mysterious from (he fact tbotit 
causes no refraction, and, as was proved by Arago's impoiUnl 
discovery {Coamog, vol. i. p. 90, and note), that the oomeUif 
light contains a portion of polarized light, and conseqaeotly 
reflected sun-light. Although the smallest stars are ae«!! in 
undiminished brilliancy through the vaporouB emanalioiiB of 
the taU, and even through the centre of the nucleus itwlC tf 



'• Leverrier, 

pp. Ü82-993. 



. the Complet Sendu», torn. 
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at least in Tery great proximity to the centre (per centrum 
nom aliter quam per nubem xdteriora cematur : Seneca, 2^at, 
QudBft. yiL 18); ao, on the contrary, the analysis of the 
<»metary light in Arago*8 experiments, during which 1 was 
pi^aeiit, shows that the vaporous envelopes are capable^ of 
reflecting light notwithstanding their extremely slight den- 
fiily, and that these bodies have " an imperfect transparency,'^ 
since light does not pass through them unimpeded." In this 
group of vaporous bodies, the solitary instances of great 
luminous intensity, as in the Comet of 1843, or the star-like 
ffhiniTig of a nucleus, excite so much the more astonishment 
Mrhen it is assumed that their light proceeds solely from a reflec- 
tion of the solar ravs. Is there not, however, in addition to 
this, a peculiar light-producing process going on in the comets? 
The brush-like membered tails emanating from the comets, 
and consisting of vapoury matter of millions of miles in 
length, diffuse themselves in space; and form, perhaps, either 
the resisting medium^ itself, which gradually contracts the 
orbit of Encke's Comet, or they mix with the old cosmical 
matter which has not aggregated into spheres, or condensed 
into the rings, and which appears to us as the zodiacal light. 
"We see, as it were, before our eyes, material particles dis- 
appear, and can scarcely conjecture where they again collect. 
However probable may be the condensation^ in the neighbour- 
hood of the central body of our system, of a gaseous fluid 
filling space, still in the case of the comets whose nuclei, 
according to Yalz, diminish in the perihelion, this fluid con- 



** Newton considered that the roost brilliant comets shone 
only with reflected sun-light. " Splendent cometa),*' says he, 
^ luce Solis a se reflexa." {Princ, Mathem. ed. Le Seur et 
Jaquier, 1760, tom. iii. p. 577. 

•* Bessel, in Schum, Jahrbuch for 1837, p. 169. 

^ CotmoSf voL i. p. 92, and vol. iii. p. 47. 
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densed there, can scarcely be looked upoo as pressing nptm 
a vesicular ii^poury envelope. " Although in the streamera rf | 
the comets the outlines of the reflecting portion of the ' 
vapoury envelope ia generally very indefinite, the tircum- 
stanee tliat in some individuals (for example, Hnlley's Comet 
at the 2nd of January, 1836, at the Cape of Good Hope), t 
sharpness of outline has been observed on the anterior pan- 
bolic part of the body, such as our masses of clouds seldoBi 
present, is so much the more striking and instructive as tQ d« 
molecular condition of these bodies. The celebrated observa 
at the Cape compared the unusual appearance, testifying to 
the intensity of the mutual attraction of the particles, with 
that of an alabaster vessel strongly illuminated in the io- 
tevior." 

Since the appearance of the astronomical part of iny 
Delineation of Nature, the coinetary world has presented t 
phenonienon whose mere possibility could scarcely have been 
suspected beforehand. Biela's Comet, an interior ime of 

** Valz, &Bai sur la determifuition de la dengiti deVe&itr 
dan» V espaee planetaire, 1830, p. 2; and Cosmos, vol. i. p. 91. 
The BO-carefully observing and always unprejudiced IleveUui J 
had also directed attention to the increase in the size of du I 
cometary nuclei, with increased distance from the Sun. (Pingr^, | 
Comttographie, torn. ii. p. 193.) The determinations of the 
diameter of Encke's Comet in the perihelion is very difficult, 
if accuracy is desired. The comet is a nebulous mass, ia 
which the centre, or one point of it, is the brightest, even 
prominently bright. From this point, which however presents 
no appearance of a disc, and cannot be called a comet-head, 
the light decreases very rapidly all around, and at the suae I 
time the vapour elongates towards one disc, so that this I 
elongation appears as a toil. The measurements, therefbn, i 
refer to this mass of vapour, whose circumference, without 
having really definite boundaries, decreases in pcnhelioQ. 

** Sir John Herscbel, SeavlU of Axtrem/yatical Obtertfatioiu 
at the Cape of Good Mope, lb47,'§ 066, pi. xv. and xvi. 
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short period, 6J years in its revolution, has separated into 
two comets of Bimilar figure though unequal dimensioua, 
both having a head and tail. So long as they coiild be ob- 
served, they did not unite again, and proceeded on their 
course separately, almost parallel with each other. Hind 
had, on the 19th of December, 1845, already remarked a kind 
of protuberance towards the north; but on the 21st there 
was, according to Eticke's observation in Berhn, still no 
Mgna of a separation visible. The subsequent separation was 
first detected in North America on the 29th of Dceember, 
1845 ; in Europe, not until the middle and end of January, 
1846. The new smaller comet proceeded towards tlie 
north. The distance of the two was at first 3', after- 
wards (February 20th), according to Otto Strove 's interesting 
drawing, 6'." The luTniaous intensity varied in such a 
manner that the gradually increasing secondary comet for 
eorae time exceeded the principal comet in brij,'hlnes8. The 
nebulous envelopes which surrounded each of the nuclei had 
no definite outlines : that of the larger comet indeed showed 
a less luminous protuberance towards S.S.W, ; but the space 
between the two comets was seen at Pulkowa quite free from 
nebulous matter,"* A few days later. Lieutenant Maury in 
Washington remarhed, with a nine-inch Munich refractor, 
rays which proceeded from the larger older comet to the 
smaller new one, so that a kind of bridge-like connection was 



I 



" The subsequent {5th of March) increase of distance seen 
to the extent of 9° 19' was, as Plantnmour has ehown, merely 
apparent and dependent upon the approximation to the Rarth. 
Both parts of the double comet remained at the same distance 
from each other fi-om February imtil the 10th of JIarch. 

" " Le 19 Fevrier, 1846, on aperqoit le fond noir du eiel 

qui separe les deux com^tea." — Otto Strure, in the SirJ/eti» I 

phytico-matheinaiiqiie de I' Acad, des Ociences de St. Petert' ] 
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produced for some time. On the 24th of March, the smaller 
comet was scarcely perceptible, on account of the decreasing 
luminous intensity. The larger one only was seen up to the 
16th or 20th of April, when this also disappeared. I have 
described the wonderful phenomenon in detail,*^ so £ar as it 
could be observed. Unfortnuately, the actual separation and 
the immediately previous condition of the older comet escaped 
observation. Did the separated comet become invisible odj 
on account of distance and feeble luminosity, or did it resolve 
itself? Will it be again detected as an attendant, and will 
the Comet of Biela present similar anomalies at other re« 
appearances ? 

The formation of a new planetary body by separation natu^ 
rally excites the question, whether, in the innumerable comets 
revolving round the Sun, several have not originated by a 
similar process, or do not daily originate so t whether they 
may not acquire different orbits by retardation, i, e, unequal 
velocity of revolution, and the unequal influence of pertur- 
bations ? In a treatise already alluded to, Stephen Alexander 
has attempted to explain the genesis of all the interior comets 
by the assumption of such an hypothesis, certainly but inade- 
quately founded. In antiquity also similar occurrences appear 
to have been observed, but not sufficiently described. Seneca 
states, upon the authority, as he himself says, of an unreliable 
witness, that the comet which was considered to have caused 
the destruction of the two towns of Helice and Bura sepa- 
rated into two parts. He adds ironically, why has no one 
seen two comets unite to form one?^ The Chinese astro- 



•^ Compare Outlines, § 580-583 ; Galle, in Olbers' Comeieih 
bahnen, p. 232. 

*• " Ephorus non religiosissimsB fidei, saepe decipitur, saepe 
decipit. Sicut hie Cometem, qui omnium mortalium oculis 
custoditus est, quia ingentis rei traxit eventus, cum Helicen 



nomcTs speak of " tliree dome-formed eometB," ivhieh a 
peai-ed in tlie year 89C, and pursued their course togethei-.* 
Among the grctit number of calculated ctimeta, there a 
up to the present time eight known, whose period of r 
tion IB shorter tlian that of Neptune. Of these eight, t 
interior comets, i. e. such whose aphelia are within th( 
of Neptune, viz. the comets of Encke (aphelion, 409) 
De Tico (5 02). Brorscn (5-64), Faye (5-93), Biela (6-1 
and D'AiTest (044). If the distaace of tlie Earth from t1 
8uD is token as = 1, the orhits of all these six interior com 
have aphelia which are situated between Ilygiea (3-15), an< 
limit which is nearly 1 J the Earth's distance from the t 
beyond Jupiter. The two otlier cometa, likewise of a 
period of revolution than Neptune, are the 74-j'ear ( 
e/" O^icM, and the 76-year Comet of Ralle^. Up to the j 
1819, when Encke first discovered the esisteneeof an interioV 
comet, tliese two latter ones were those of the shortest period 
among the ihcii-calculated comets. Olhera' Cunitt of 18lä 
and Ualley's Comet are, since the diseotery of Neptune^fl 
situated in tlicir aphelia only 4, and 5| times the Earth's ■ 
tance from the Sun — beyond the limits which would allo^ 
their heilig considered interior comets. Although the ti 
interior comet may suffer alteration from the discovery o 
Trans-ncptanian planets since the boundary which d 
whether a comet is to be called an interior one is changeable J 



et Burin ortu suo merserit, ait ilium discessisse in duas^ 
Stellas : quod ])rtctcr ilium nemo tradidit. Quis onim _ 
obscTvare lUud momentum, quo Cometes solutus et in duns 
partes redaetus est? Quoraodera autem. si est qui viderit 
Cometem in duas dirimi, nemo vidit fieri ex duahus?" — 
Seneea. 2fat. Quast, lib, vii. cap- 16. 

" Edward IJiot, Rccherehes awr leg (hmltea de la colleeliouM 
de Ma-tuan-liii, la the Complea räitdiu, torn, xx, 
p. 3S4. 
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still this term is preferable to that of comets of short period^ 
from the fact that it is in each epoch of our knowledge 
dependent upon something definite. The six interior comets 
now accurately calculated, certainly vary in their periods of 
revolution only from 3-3 to 7*4 years ; but if the return of the 
comet discovered by Peters at Naples, upon the 26th of June, 
1846 (the 6th comet of the year 1846 with a half-major axis 
of 6*32), after a period of 16 years, should be confirmed," it 
may be foreseen that intermediate members, in reference to 
the duration of the period of revolution, will gradually be dis- 
covered between the Comets of Faye and Olbers. Then it 
would be difficult in future to fix a limit for the shortness of 
the period. Here follows the table in which Dr. Galle has 
arranged the elements of the six interior comets. 



* Galle, in Gibers' Methode der Cometenbahnen^ p. 232, 
No. 174. The comets of Colla and Bremiker of the years 
1845 and 1840, present elliptical orbits yrixh proportionately 
not very short periods of revolution. (I allude to the 3065 
and 8800 years of the Comets of 1811 and 1680). They 
appear to have periods of revolution of only 249 and 344 
years. (See GaUe, op, cit, pp. 229 and 231.) 
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Fiom the summary here given, it followa that äape the ili'- 
covery of Enclie'a Comet" aa an intt^ior one in the year 1819, 
"p to the discoTcry of the interior comet of D" Arrest, scarcely 



" The eliort period of revolution of ] 204 days was dis- 
ivered hy Encke on the reappearance of his comet in the 
year 1819. See the first calculated elliptical orbits in iJie 
Serliner. Astron. Jalirhueh, for 1822. p. 193, and for tie 
conatants of the resittina medium osBumed to explntn tlie 
aceeler.ited revolution. Encke's Fi-nriB Alihandlhwrg in the 
Sckriflen der Berl. Akademie for the year 1844. (Compare 
Arago. in the AamMif^ for 1833, p. 181 : in the Lettre ä M- 
Alexandre de Suwboldt, 1S40, p. 12 ; and Galle, in Olben' 
Cometenhahnen. p. 221.) As belonging to the hiBtory rf 
Uncke'i Comet, it must here be called to mind that eu fiir as 

r knowledge of the observationa extends, it was first BWO 
upon two days by M^chain on the 17th of January, 1766; 
then by Mies Carolina Heracbel from the 7th to the 27tk of 
November, 1795; afterwards by Douvard, Pons, and Huth, 
from the 20th of October to the 19th of November, 1805; 
finally, as the tenth reappearance since Meehaio'H discovery in 
the year 1786, by Pons from the 25th of November, ISlS.tO 
the 12th of January, 1819. The^wf reappearance eaJciaaUi 
leforehand bv Encke, was ohsen-ed by Riimker at ParamatU. 
{Guile, op. mt. pp. 215, 217, 221, and 222.) Biela's interior 
comet, or as it is also called, Biela's and Gamb;irt's, was fint 
seen hy Montaio^ne on the 8th of March. 1772; then by ton* 
on the 10th of November, 1805; aftenvarda on the 27th of 
February, 1826. at Josephstadt in Bohemia, by Von Biela; tnd 
on the 9th of March by Gamhart, at Marseillcg. The earliest 
rediscovererof thecometof 1772 is undoubtedly Biela. and not 
Gambarl; but on the other hand, he calculated the elliptical 
elements of its orbit earlier than Biela, and nr>arly &t the 
flame time as Clausen. (Arago, in the Anawaire of 1833, 
p. 184; 3ndintheCbHyrfe«^ertJ««,tom.iii. 1836,p. 415.) The 
firit re-appearanee of Biela's Comet, aalctilaled b^or^md, 
■was observed by Henderson, at the Cape of Good Hope, in 
OctobL'r and December, 1832. The already mentioned won- 
derful doubling of Biela's Comet by separation, took place at 
its 11th reappearance since 1772, at theendoftho vear 1845. 
(See Galle, by Olbers, pp, 214, 218, 224, 227, and 232.) 



32 yeara have elapsed. Yvon Villnrceaa has also gi" 
elliptic elements for the last-named in Schumachor'a Ä»ti 
Naelir. no. 773, and has at the anme time with Vulz pttt " 
forward some conjectures as to its identity with the Comet of 
1678. observed by La Hire, and calcinated by DouweB. Two 
other cometB, apparently of from 5 to 6 ijea/r periods of revo- 
lution, arc the 3rd of 1819, discovered by Pons, and calculated 
by Encke ; and the 4th of 1819. discovered by Blnnpain, and 
according to Clausen identical with the 1st of 17-13. 
neither of these can be classed with those which, from lonj 
and more accurate observations, present a greater certaini 
nnd completeness of their elements. 

The inclination of the orbits of the inferior coracta to the 
plane of the ecliptic is, upon the whole, small, beiwecii 8° and 
13° ; that of Brorsea's Comet alone is very considerahic, and 
reaches 31". All the hitherto discovered »«((rior comet» have, 
like the principal and secondary planets of the entire solar 
system, a direct motion (from west to east, proceeding in their 
orbits). Sir John Horschel has directed attention to the ^rreat 
rarity of retroijrade motion of comets having a »light inrlina- 
tion to the plane qf the ecliptic?' This opposite direction of 
motion which occurs only with a certain class of planetary 
bodies, is of great impoilance in reference to the very univer- 
eally prevailing opinion as to the formation of the planetary 
bodies belonging to one system, and as to the primitive, impul- 
sive, and projectile force. It shows ua the evmetary teorld, 
although subject even at the remotest distances to the attraction 
of the central body, in greater individuality and independence. 
Such a mode of viewing the subject has led to the idea of 
considering the comets as older" tlian the planets — as it were 



ths ' 



" Outlines, g 601. 

" Laplace, lispos. du 
The special view of Laplace a> 
nebulfe," (petitcs nebiUeuses 



e du Monde, pp. 396 and 41^ 
I the comets being " wanderii 
ebulffl," (petitcs nebuleuses errantes de systemes en systciti 
tlaii'ee,) " stands in opposition to the prioress which has h 
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primitive forms of the loosely aggregating matter in Bpace. 
Under these presuppositions it becomes a question whether. 
notwithstanding the enonnous distance of the nearest fiied 
stars, whose paraUas we know from the aphelion of the Com« 
of 1680, some of the comets which appear in tlie heavens msf 
not be merely wanderen through our solar syatena, inoyii>| 
&om one Sun to another ? 

Next in order to the group of comets, 1 shall speali of ibe 
ring of the xodiacal liqlit, as with great probability belonging 
to our solar region, and after that of the eiearme of meteorie 
attermd» which sometimes fall upon our earth, and will 
regard to whose existence, as bodies in space, by no meau 
unanimous opinions prevaiL As in accordance with the 
course adopted by Chladni, Olbers, Laplace, Arago, Sr 
John Ilerschel, and Bessel, I consider the aerolites to be of 
decidedly extra-terrestrial coamical origin, 1 may venture, at 
the conclusion of the section upon the planets, conßdentlj 
to express tlie expectation that, by continued accuracy in 
the observation of aerolites, fire-balls, and shooting-stars, the 
opposite opinion will disappear in the same way that the opi- 
nion, universaily difiused up to the sixteenth century, aa to 
the meteoric origin of the comets has long done. While thett 
bodies were considered by the astrological corporation of 
" Chaldeans in Babylon," by the greater part of the Pytha- 
gorean school, and by Apollonius Myndius, as cosmical bodie« 
reappearing at definite periods in long planetary orbits, the 
powerful anti- Pythagorean school of Aristotle and that of 
Epigenes, controverted by Seneca, declared the comets ta be 
productions of meteorological processes in our atmoapheift." 

made since the death of the great man, in the raolvabilily of N 
many nebulous spots into crowded heaps of stars ; the circom- 
stance also that the comets have a portion of reflected pola- 
rised light, which the self-luminous bodies ore destitute <£ 
Compare Owmos. vol. iii. pp. 192, 303, 31ö. 
** There were divisions of opinion at Babylon in the learned 



i 



Anali^ns fluctuations between cosmieal and terrestrial ^ypo- 
theses, between universal spuce and the atinosphere, still 
at last to a more correct view of natural phenomena. 



Chaldean school of astrologers, as well as among the Pyl 
ooreuus, and, properly apeakiug. among all ancient schoolB. 
Seneca (^at. Qutctt. vii. 3) quotes the antagonistic evidence 
of ApolloniuB Myndius and Epigenes. The latter is seldom 
mentiODcd, yet Plinius (vii. 57.) represents him as " gravis 
anctor in primis," as does also, witboat praise, Censorius 
dedtenatali, cap. ivii. and Stob. Ed. Phyi. i. 29, p. 5S6, ed, 
Heeren. (Compare IjJaec^, Aglaopk. si.) Diodorus (xv. 50) 
believes tliat the universal and prevailing opinion among the 
£abylDmau astrologers (the Chaldean»), was that the comets 
rcaiipeari'd at definite times in their certain orbits. Tbc 
division which prevailed butwceo the Pythagoreans, as to the 
planetary uature of the comets, and which is mentioned by 
Aristotle {Meteorol. Kb. i. cap. vi. 1.) and Pseudo-Plutarch 
(Je Plac. Philo», lib. üi. cap. ii.), extended, according to the 
former {Meteorol. i. 8, 2), also to the nature of the MUkyWay, 
the forsaken course of the Sun, or of the overthrown Phaeton. 
(Compare also Letronne, in the Mera. de CJcad. de» Iiutorip- 
tiow, 1839, torn. sii. p. 108.) By some of the Pythagoreans 
the opinion of Aristotle was advanced, " that the comets be- 
longed, to the number of those planets which, like Mercury, 
only became visible after a long time when rising in the 
course above the horiiMU.'' la the extremely fragmentary 
Pseudo- Plutarch it is said, that they " ascend at definite 
times after a complete revolution." A great deal of matter 
contained in separate works, referring to the nature of the 
comets, has been lost to us, that of Arrian, which Stobffius 
employed; of Charimauder, whose mere name has been 
retained only by Seneca and Pappus. Stobieus brings forward, 
as the opinion of the Chaldeans (Ec?(^. lib. i. cap. xxv. p. 61, 
Ohri»t. Plantinus,) that the reason the comets remain so seldom 
visible to us, is because they hide themselves in the d^th» 
of the ether (of space), like the fish in the depths of the 
ncean. The most graceful, and in spite of its rhetorical 
colouring, the best founded opinion of antiquity, and the 
one corresponding most closely with present views, is that of 
Seneca. In the Nat. Quwst. Üb. vii, cap. sxii. xxv. andxxii. 
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we read. " \on entm exietimo Cometem subitaneum ignem ted 
inter aitema opera nalurte. Quid enim miraniur, comelas, 
tarn rarum mundi epectacuiam, nondum teueri legibus cenu: 
nee initift illorum finesque patcBcere, quorum ex ingcniibDi 
interTallie rccursus est? Nondum Runt aiini quingenti, ei 
quo GrBEcia .... stellia numeros et nomina fecit. Hi^ 
tffique hodie sunt gentes, quts tnntuni facie noverit codom; 
que noudum scinnt, cur Luna dcficiat, quare obumbretor. 
Hoc apud nos quoque nuper ratio ad certum pcrduxit. Veoiet 
tempus, quo istn, quce nunc latent, in lucem dies exttahtt 
et longiorJB wvi diligentia. Veniet tempna, quoposteri i 
tarn aperta nos nescissc mirentur. Eleusis servat, quod c 
dat revisentibus. Rerum natura Bacra sua non simul tradit. 
ImtiatOGUos credimus; in vestibulo ejus hnremus. Illaai 
non promiscue neo omnibua patent, rcducta et in intt 
sacrario clausa sunt. Ex quibus aliud htec a^ias, aliud qos 
post no8 fiubibit, dispiciet. Tarde magna proTcuiunt." ** For 
I do not tbink that comets ore a casual outburst of fire, but 
belong to tbe eternal works of nature. For why should it 
eurprise us that comets, go rare a phenomenon, ehould no( yet 
be subject to the n gulation of any known laws ? and mt 
their origin and emU should be hid from us, who see then 
only at immense iniervala? It is not yet fi\-e hundred y«n 
since Greece gave names and number to the stars. Am ta 
this day there are many nations who know nothing of lbs 
heavenly bodies but as they appear to the eye, who are still 
ignorant of the causes of tbe waves and eclipses of the moon; 
even we ourselves have only lately attained an accurate know, 
ledge of these phenomena. The time will arrive when dn 
diligence of a remoter age shall throw light on mibjeets wMii 
are now involved in obscurity. The time will airive whM 
our posterity will wonder at our ignorance of things bo plÜO 
to them, Eleusis reserves her favours for those who repeat 
their visits. Nature does not permit us to explore her smc- 
tuary all at once. We believe we are initiated; whereas we 
halt at the very threshold. Those mysteries ore not revealtd 
indiscriminately to all; they are laid up and enshrined withia 
the penetralia. Some are revealed to the men of our ^e; 
some to those who shoUcome after us. Great results {irooeed 
sbwly." 



"*aE RISO OP THE ZODIICI^L UCHT. 



In our solar ^stem, bo rich in Tarieties of form, the 
istence, place, and configuratioii of many individual mem 
have been discovered, since scarcely a century and u half, 
at long; intervals of time: first, the subordinate, or particular 
systems, in which, analogoiia to the principal system of the 
Smi, smaller spherical cosmical bodies revolve round a lai^r; 
then concentric ringt round oae, and that indeed one of the 
less dense und exterior planeta which possesses the greatest 
number of satellites ; then the existence, and probably ma- 
terial cause, of the mild, pyramidal- formed, zodiacal light, 
very visible to the naked eye ; then the mutually intersecting 
orbits of the so-called small planett, or oiUroidi^ inclosed 
between the regions of two principal planets, and situateA] 
beyond the zodiacal zone; finally, the remarkable group 
interior comets, whose aphelia are smaller than those 
Saturn, Uranus, and Neptune. In a cosmical representation' 
of universal space, it is necessary to call to mind the difference 
of the mtrabera of the solar system, which by do means 
excludes similarity of origin und lasting dependence upon th» 
moving forces. i 

Great as is the obscurity which still envelops the materiw] 
cause of the zodiacal light, still, however, with the raathe-' 
motical certainty that the solar atmosphere can not reach 
beyond -^ of the distance of llercury, the opinion supported 
by Lsplace, Schubert, Arago, Poi^sou, and Biot, according to 
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which the zodiacal light radiates from a vapoury, flattened 
ring, freely revolving in space between the orbits of Venus 
and Mars, appears in the very deficient state of observation 
to be the most satisfactory. The outermost limits of the 
Sun*s atmosphere, like that of Saturn (a subordinate system), 
could only extend to that point where the attraction of the 
universal or partial central body exactly balanced the centri- 
fugal force ; beyond this point the atmosphere must escape at 
a tangent, and continue its course either aggregated into 
spherical planets and satellites, or, when not aggregated into 
spheres, as solid and vaporous rings. From this point of view 
the ring of the zodiacal light comes within the category of 
planetary forms, which are subject to the universal laws of 
formation. 

From the small progress which this neglected part of our 
astronomical knowledge makes on the path of observation, 
I have little to add to that which I derived from the expe- 
rience of others and myself, and have previously developed 
in the Delineation of Natti/re (vol. i. pp. 127-134 ; vol. iv. 
p. 308). If, 22 years before Dominique Cassini, to whom 
the first detection of the zodiacal light is erroneously as- 
cribed, Childrey, the chaplain of Lord Henry Somerset, had 
already recommended this phenomenon to the attention d 
astronomers in his Britannica Baconica, published in 1661, as 
one which had previously been unnoticed and observed by him 
during several years, in February and the commencement of 
March ; so must I also mention (according to a remark of 
Olbers) a letter which Rothman wrote to Tycho, from whence 
it results that Tycho saw the zodiacal light as early as the end 
of the sixteenth century, and considered it to be an abnormal 
spring-evening twilight. The strikingly greater luminous 
intensity of this phenomenon in Spain, upon the coasts of 
Valencia and the plains of New Castile, first incited me to 
continuous observation before I left Europe. The strength of 
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the light — it might almirat be called illumination — inci 
aorprisingly the more I approached the equator in South 
riea and the Soath Sea. In the contimially dry, clear air of 
Cumana, in the grass-ateppps {llano») of Caracas, upon the 
elevated plains of Quito and the Mfisican seas, ef^eeinlly at 
heights trom eightto twelve thousand feet, where I eould remain 
longer, the brightness sometimes exceeded that of the most 
beautiful sparks of the Milky Way between the forepart of 
Argus and Sagittarius, or, to «peak of our part of the hcmi»« 
phere. between the Eagle and the Swan. 

Upon the whole, the brightness of the zodiacal light did n( 
appear to me to increase at all perceptibly with the elenation 
tlie point whence it was seen, but much rather to depend jjm'«- 
cipally upon the interior Tariability of the phenomenon itself — 
upon the greater or less intensity of the light-giving process : 
as is shown by my observations in the South Sea, in which 
Indeed a reflection was remarked, like that Gcen on the 
going down of \ha Sun. I say principally, since I do not 
deny the possibility of a simultaneous influence of the 
tion of the air (greater or leas diaphaiiity) of the highi 
strata of the atmosphere, while my instruments indicated 
the lower strata, no hygrometric variations, or much rather 
favourable ones. Advances of our knowledge of the zodiacal 
light are to be expected especially from the tropics, where 
the meteorological processes attain the highest degree of 
uniformity or regularity in the periodical recuiTCnce of the 
changes. The phenomenon is there perpetual; and a careful 
comparison of obsen'ations at points of different elevation and 
nnder different local conditions, would, with the application 
of the theory of probabilities, decide what should be ascribed 
to cosmical light-processes, what to merely meteorologici 
influences. 

It has been repeatedly affirmed that in Europe scarcely 
Eodiacal light, or only a feeble trace of it, could be see 
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several successive years. ILis the light appeared propor- 
tionately weakened in Kuch years in the equinoctial gone also! 
The inveBtigation must not, however, be restricted to the 
statement of the configuration according to the distance tana 
known stars or direct measurements. The intensity of tiu 
light, its uniformity or probable intermittence (darting sua 
flashing), its analysis by the polariacope, should be especiiiDy 
investigated. Arago (Annvaire pour 183Ü, p. 289} bu 
already pointed out that the comparative observation of 
Dominique Cassini, would perhaps clearly prove " que U 
supposition des intermittences de la diaphanit^ atmoephK 
rique ne saurait sufiire ä 1' explication des variations signaleet 
par cet astronome." " That the supposition of intermittent 
variations in the diaphanity of the atmoephere, would not 
suffice for the csplanatioa of tho changes indicated by that 
astronnracr.'' 

Immediately aftei- the observations of this great astrononiei 
at Paris, and of bis iriend Futio de Diiillier, an inclination to 
flimilar labours showed itself in Indian travellers (t'adiet 
Noel, de CSze and Dnhalde) ; but isolated reports (fbr tbe 

jater part only describing the gratification experienced tt 
the unusual prospect) are not available for the sound discus- 

Q of the causes of tho variability. It is not by rapid traveli 

(o-eaUed voyt^es round the world, ns the labours of tbe aoDW 
Homer have recently shown (Zaci, Monatl. Corresp. bd. s. 
pp. 337-340), that the deserved object is to be obtained. It 
is only by a permanent stay of several years in some tropical 
country, that tho problem of variable configuration and lumi- 
nous intensity can be soived. Therefore, the most is to be 
expected for the subject which now occupies us, as well as for 
the entire science of meteorology, from the ultimate diffusiun 
of scientific calture throughout tho equinoctial world,^-tlie 
former Spanish America, — where large popolous towns. Cuaw. 
Id Fas, Potosi, ore eitualtid between 10,700 and 12,&tlp 
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feet above the level of the sea. The numerical results which 
Houzeau was able to obtain, though certainly based upon 
only a small number of observations, make it probable that 
the major axis of the zodiacal light no more coincides with 
the plane of the Sun's equator, than the vapoury mass of the 
ring whose molecular condition is unknown to us extends 
beyond the Eai'th's orbit. {Schtim» Astr, Nachr, No. 492.) 
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V. 

FALLING STASS, FIBE-BALLS, AND METEOBIC STONES. [ 

Since the spring of 1845, when I published the DelineO' 
tions of Natwe, or the general survey of cosmical pheno- 
mena, the previous results of the observation of aerolites and 
periodic streams of £silling stars, have been abundantly ex- 
tended and corrected. Much has been subjected to a stricter 
and more careful criticism; especially the discussion, so 
important for the whole of this mysterious phenomenon, of 
the divergence, i, e^ the situation, of the point of departure in 
the recurring epochs of swarms of falling stars. The number 
of these epochs, also, of which for a long time the Auguä 
and Novemher periods alone attracted attention, has been 
increased by recent observations, whose results present a high 
degree of probability. From the meritorious labours, first of 
Brandes, Benzenberg, Olbers and Bessel, subsequently of 
Erman, Boguslawski, Quetelet, Feldt, Saigey, Edward Heis, 
and Julius Schmidt, corresponding measurements have been 
commenced; and a more generally diffused mathematical 
spirit has rendered it more difficult, through self-deception, 
to make uncertain observations agree with a preconceived 
theory. 

The progress in the study of fire-meteors would be so 
much the quicker in proportion as facts are impartially sepa- 
rated from opinions, and details put to the test; but not 
everything discarded as being imperfectly observed which 
cannot yet be explained. It appears to me most important 
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3 the physical relatione from the geomdrical and 

THcaZ relations, which latter are upon the whole capahle 

5 established with greater certainty. To this class 

long altitude, velocity, individuality, and multiplicity, of 

J points of departure when divergence is detected ; the 

I number of fire-meteorB in sporadic or periodic appenr- 

I reduced according to their frequency to tlie Bame 

e, the magnitude and configuration in con- 

Bction with the time of year, or with the length of time 

n midnight. The investigation of both kinds of relations, 

e physical and the geometrical, will gradually lead to one 

be same end, — to genetic considerations as to the intrinsic 

e of the phenomenon. 

[ have already pointed out the fact that, upon the whole, 

ourae with universal space and its contents is restricted 

t which we acquire through oscillations esciting light 

i Äeu(, as well as by the mysteriouB attractive forces which 

s {cosmical bodies) exercise upon our terrestrial 

globe, its oceans and atmospheric envelope, according to the 

quantity of tlieir uuiterial particles. The luminous vibra- 

i which proceed from the smallest telescopic stars of a 

lolvable nebula, and of which our eyes are sensible, bringe 

I a teatimong of tlte oldest existence of matter in the same 

ny that it mathematicaUy demonstrates to us the certain 

wledge of the velocity and aherration of light.' A sensa- 

a of light from the depths of the star-filled gpaee of heaven 



' The aspect of the etarry heavens presents to us objects of 
tine^ual date. Much has long ceased to esist before the 
knowledge of its presence reaches us ; much has been other- 
wise arranged, t'owiio«, vol. i. p. 144, and vol. iii. p. 90, 
and note. (Compare also Bacon, Noe. Orijan. Lond. 1733, 
p. 371, and Wdl. Hersche!, ia the FUtos. Trannaot. for 
1802, p. 4Ü8.) 



leads lis back, by mcane of a chain of ideas, through myiiadsof 
centuries into the depths of antiquity. Although the impre» 
Bion of light wliioh streama of lulling stars, exploding aerolite 
fire-balls, or Biinilar fire-meteors give, may be of an entirelj 
different nature ; although they mny not take fire until thej 
enter tlie Earth's atmosphere, still the fiülisg aerolites presesl 
tlie solitary iiistaoce of a material counection with eomethiiig 
tehieh ig Jbreign to our planet. We are astonished "at bei^ 
able to touch, weigh, and chemically decompose metallic anl 
earthy mnsses which bi'long to the outer world, to celeitid 
space," to find in them the minerals of our native eaitfa, 
making it probable, as the great Newton conjectured, that 
the materials which belmigcd to one group of cosmical 
bodies are fur the most part the some.* 

For the knowledge of the most ancient fulls of aeroläti 
which are determined with chronological accuracy, we tat 
indebted to the industry of the aU-rogistering Chinese. Sack 
reports reach back to the year 644 before our era ; therefan 
to the time of Tyi-taius and the second Messenian war of Üst 
Spartans, 179 years before the fall of the enormous metewic 
mass near iEgos Potamos. Edward Biot has found in Mv 
tuan-lin, which contains extracts fi'om the astrouomieil 
section of the raost ancient annals of the empire, sixteen faUi 
of aerolites for the epoch from the middle of the seventh 
century before Clirist up to 333 years after Christ; while 
the Greek atid Roman authors mention only four such. ^W- 
a during the same space of time. 
[t is remarkable that the Ionian school, in accordance willi 
r present opinions, early assumed the cosmical origin of 
les. The impression which such a magnificent 
phenomenon as that of J5goa Potamos (at a point whidl 
become still more celebrated sixty-two years nftcrwarda bj 
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conclusion of the Peloponnesian war by the victory of Ly- 

the Athenians), made uponall the Hellenic races, 
it have escvted a decisive and not Bufficieutly regavded 
upon the direction and development of the Ionian 
miologi/} Anaxagoras of Clazomena was at the mature 
of thirty-two years when that event of nature took place, 
lording to him, the stai-s are masses torn awaj' from the 
■th by the violence of the rotation (Pint, de pUic. Fkilog. 
13). He considers that the whole heavens may be 
if Btoues (Plato, de Legih. sii. p. 967). The 
my Bohd bodies are made to glow by the fiery ether, so 
they reflect the light ooinmunioated to them by the 
. Lower than the Moon, ar\iL still hetween her and the 
\rth, there move, says Anaxngoraa, according to Theo- 
istus (Stoba;us, Echg. Phye. lib. i. p. 560), yet other dark 
which can also produce eclipses of the Moon (Diw^. 
ii. 12; Origenes, FJdlosophum, cap. viii.) Diogenes 
Apollonia who, if ho is not a disciple of Anaximenes,* still 
probably belongs to an epoch between Anasagoras and Demo- 
critus, expresses himself still more distinctly as to the struc- 
ture of the world, and, as it were, more moved by the ini- 
1 of the great full of aerolites. According to him, as 
already mentioned, " munhle (dark) mTises of stone 
■e with the visible stars, and remain on that accoimt 
[known. The former sometimes fall upon the earth and 
are extinguished; as happened with the sfong star which 
fell near ^gos Potamob (btob i:do(/ p 508)' 

t* See the opinions of the Greeks as to the folis of me- 
mo stones, in Coimo», vol. i. p- 122; vol. ii, p. 690, note. 
* Brandis, Getch. der GriechUch-Säm. PJülosophie, tarn. i. 
. 272-277, against Sohleiermacher, in ÜieAbhanJl.d^r Bert. 
Akad. from tlie year 1804-1811 (Berl. 1815), pp. 79-124. 

• When Stohffius in the same passage (&log. Ph-ys. p. 508) 
sacribes to the ApoUooian that he had called the sturs pumia^ 
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The "opinion of some physioists" as to Eery metwn 
(falling Btars and aeroÜtea), which Plutardi develops in detail 
in the life of Lysander (cap. sii.), is precisely that of the 
Cretan Diogenea. " Falling starB." it ia said there, " are not 
ejections and waste of the ethereal fire which, when they enter 
our atmosphere, are extinguished after their ignition; they 
are much rather the off'-ahoot» of celestial bodies, of such \ 
natui'c that by a slackening of the revolution, they are di« 
down."* We find nothing of this view of the structure of llie 
uniTerse, this assumption of dark cosmical bodies which M 



gtone-like bodies (therefore porous stones), the occoKion for 
this lernt might have been the idea so generally difTused in 
niitiquity, that all celestial bodies were nourished by miwft 
exhalations. The Sun pives baok again what is almried. 
(Aristot. Meteorol. ed. Idelcr, torn. i. p. 509 ; Seneca, 2fiit. 
QiUBst. lib. iv. 2.) The pumioe-stone-like cosmical bodies 
have their peculiar exhalations. "These, which cannot be 
seen so long as they wander round in the celestial sptce, 
are »tone»; they ignite and are extinguished again whm tlKy 
fall to the earth." (Plut. de Plac. FUtos. ü. 13.) PUny 
considers the fall of meteoric stooes as frequent (Plinitu, 
ii. 69) ; " Uecidere tamon crebro, non erit duhium." He slw 
knew that the full in clear air produced a loud noise (ii. 43). 
The apparently analogous passage in Seneca, in which ho 
mentions Anaximenes {Nat. Quisi. lib. ii. 17), refers pro- 
bably to the thunder in a storm-cloud. 

' This remarkable passage (Plut. I^g. cap. sü,) literally 
translated, runs thus : " But tiiere is another and move probable 
opinion which holds that falling stars are not emanations cv 
detached parts of the elementary fire, that go out the moment 
they are kindled, nor yet a quantity of air bursting out ftwtl 
some compression, and taking fire in the upper regions; but 
that they are really heavenly bodies which, üvm some rehuu- 
tion of the rapidity of their motion, or by some irregular con- 
cussion, ore loosened and fall, not so much upon the habitable 
part of the globe as into the ocean, which is the reasoti that 
their eubetauCG iii seldom seen." 
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□pon our earth, in the doctrinea of the old Ionic schoob, from 
Thalea and llippoerates to Empedodea.' The impression 
made by the occurrence of nature ia the 78th Oh-mpiad, 
appears to have powerfully called forth the idea of the fidl of 
dark massta. lu the more recent Pseudo-Plutarch, (Plac. ii. 
13,) we read merely that the Milesian Thalea considered "all 
stars to he earihif anAßery bodies (^fiu^ij koi (/i!ru^a)." The 
endeaTOurs of the earlier Ionic physiology were directed to 
the discovery of the primitive Cause of all things, formation 
by mixture, gradational change and transition of one kind of 
matter into another : to the processes of genetic development 
by solidification or dilution. The revolution of the sphere of 
the heavens " which holds the Earth firmly in the centre," was 
already conceived by Empedoeles as an actively moving cos- 
mieal force. Since, ia these first attempts at physical theories, 
the ether, the ßre-air (and indeed fire itself), represents the 
expansive force of heat, so the idea of the propelling revolu- 
tion rending fingments from the Earth, became connected 
■with the lofty region of the ether. Therefore Ai'istotle calls 
(MeteoTol. i. 339, Bekker) the ether " the cttmally moving 
body,'' as it were the immediate substratum of motion ; and 
seeks for etj-mological reasons for this assertion. On this ac- 
count ive find in the biography of Lysander, "that the relaxa- 
tion of the centrifugal force causes theyö// of celestial bodies;" 
as also in anotlier place, whore Plutarch, evidently alluding 
again to opinions of Anaxagoras, or Diogenes of ApoUonia {De 
fade in orbe Lunm, pp. 9-23), puts forward the assertion " that 

K 

^^B* With regard to absolutely Harlc eosmical bodies, or auch 
^Hp which the lii/M-procese ceases {periodically f); ui to the 
^^pinions of moderns (Laplace and Uessel) ; and Uessel's obser- 
vation, confirmed by Peters ia Königsberg, of a variability of 
the proper motion of Procyon : see Coimos, vol. iii. pp. 222, 223. 
• Compare Costom, vol. iii. pp. 35-39, 
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the Mood would fall to the Earth like a stone in a sling, if its 
Gentrifugal force ceased."' Thua weeeeia this simile, aCtec tbt 
assatnption of a centrifugal revolutioa which Empcdocle» pet- 
ceived in the appuient rotation of the celestial sphere, B.eeiUn- 
petal force gradually arise as an ideal autithesia. This fbiw 
was specially and most dist^ctly described by the acute inter- 
preter of Aristotle, Simpliciua (p. 491, Bekkcr). lie explain! 
the non-falling of the celestial bodies thus : " that the ceatii- 
fogal force predominatea over the proper jftiZyorce, the dm»- 
inj doiomeards." Tiiese are the first conjectures respeetiiig 
active central forces ; and the Alexandrian, Johannes Phil»- 
ponus, a disciple of Anmiouiua Hermco, probably of the cixlk 
century, as it were, recognising also the inertia of matteit 
first a£cribcB " the motion of the revolutionary planets tAA 
prvtniHve impulse," which he ingeniously {De creatioiie Mundi, 
lib. i. cap. Jtii.), unites with the idea of the *■ fall, a tendency 
of ail heavy and liglit bodies towards the Earth." Wa hove 
thus endeavoured to show how a great phenomenon of nature 
and the eailicst purely coamieal explajwtion of a fall of aerolites 
essentially contributed in Grecian antiquity, step by step, but 
certainly nut by mathematical reasoning, to develop the gem 
whiflh, fostered by the intellectual labours of the füUowing 
es, led to Huygens' discovery of the lawa of circulu 



Commencing from the tfeomelrical relations of the perindie 
(not sporadic) falling stars, we direct our attention especially 
to what recent observations as to the dioergence or point i^ 
departure, of the meteors, and their eittirelii planelart/ rcloeilg, 



* The remarkable passage alluded to in the text in Platarch, 
De facie in orhe Lunre. p. 923, is literally translated, 
" However, the motion of the Moon and the violence of the 
revolution itself prevents it from falling, just as thinijs placed 
in a sling are preveuted from falling by their motion ia a 
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have made known. Both these circumatanccB, divei^nce and 
velocity, cbaracterize thiim with a higli degree of probnbüity 
OS luminous bodies which preseut themselves independently 
of the Earth's rotation, and penetrate into our atmosphere 
-from without, from space. The North American obBcrrationa 

the November period on the occasiou of the falls of siars in 
1, 1834, and 1837, indicated as Üiepoint of departure the 
7 Leonis ; the obscn'ationa of the August phenomenon, 
in the year 1839, Algol in Perseus, or a point between PereeiM 
and Taurus. These centres of divergence were about the con- 
stellations towarda which the Earth moved at the same epoch." 
Saigey, who has submitted the American observations of 1833 
to a very accurate inrcstigation, remarks that the fiscd radia- 
tion from the constellation Leo, is only obsen-ed properly 
after midnight, in the last 3 or 4 hours before daybreak ; that 
of eighteen observers between the town of Mexico and Lake 
Huron, only ten pcrtcived the same general point of depar- 
ture of the meteors." which Denison Olmsted, Professor of 
Mathematics in Newhavcn (Massachusetts,) indicated. 

The excellent work of Edward Heis of Aix-la-Chnpelle, 
which presents in a condensed form the very accurate obser- 
vations of falling stars made by himself during ten years, con- 
tains results as to the phenomena of diiiergenee, which are so 
much the more important as the observer has discussed them 
mathematical strictness. According to him," " the falling 
1 of the November period present the peculiarity that their 

ifhs are more dispersed than those of the Awjust period. 

" Cosinos, vol. i. p. 105-106. 

" Coul vier- Gravier and Saigey» Secherches sur les Eloilca 
pantos, 1817, pp. 69-86. 

" " The periodical falling stars and the results of the pheno- 
mena deduced from the observations carried on during the 
last ten years at Ais-Ia-Chopelle by Edwaid Heia," 1849, 
^np. 7 and 26-30. .^^^1 
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In each of. the two periods there were simultaneously several 
points of departure by no means always proceeding frtn 
same constellation, as there was too great a tendency to osBuni 
Bince the year 1833." Beaid^ the principal point of i^ 
parture of Algol in Perseus, Heis finds in the August perioJl 
of the years 1839, 1841, 1842, 1843, 1844, 1847, and 18«, 
two others in Draco and the North Pole." *' In order b 
deduce accurate results as to the points of departure of 
paths of the falling stars in the Nboeiaber periods for the y 
1839, 1841, 1846. and 1847, for the four points (Perse« 
Leo, Cassiopeia, and the Dragon's Head), the mean ptä 
belonging to each was drawu upon a thirty-inch celestol 
globe, and in every case the position of the point ascertaiiwi 
from which the greatest number of paths proceeded, 
investigation showed that of 407 of the falling stars indicated 
according to their paths, 171 came from Perseus, near the 
Btar 7 in Medusa's Head, 83 from Leo, 3d from Cassiopeia, 
near the changeable star a, 40 from the Dragon's Head, bat 
full 78 from undetermined points. The number of falliif 
stars issuing from Perseus consequently amounted to neo^ 
double those from Leo."" 



" The statement of theÄ^-^Ä Pole being a centre of radi>> 
tion in the August period is founded only upon the observation! 
of the one j-ear 1839 (10th of August). A traveller h» tlw 
East. Dr. Asahel Grant, reports from Miirdin in Mesopotamit, 
" that about midnight the sky was as it were furrowed with 
falling stars, all of which proceeded from the region of tit 
polar star." (Heis, p. 28, from a letter of Ijferriek'6 » 
Quetelct's and Grant's Diary.) 

" This preponderance of Perseus over Leo. as a point of 
departure, did not by any means obtain in the uhservationi 
at Bremen on the night of the if November, 1838. A veij 
esperienccd observer, Roswinkel, saw, on the occa^on of a 
very abundant fall of shooting stars, almost all the paths pro» 
coed from Leo and the southern part of XTrsa Major; while in 



1^ 



8H00TIWO ST&BS. S7S 

The divci^nce from Perseus has consequently shown itself 
iotk periods as a very remarkable result. An acute ob- 
Juiius Scbmidt, attached to the Observatory at Bonn, 
has been occupied with meteoric phenomena for eight or 
years, espresses himself upon this subject witli great 
letter to me (July, 1831) ; " If I deduct from 
abundant fails of shooting Stars in November, 1833, and 
well as from subsequent ones, that kind in which the 
itinLeosent out whole swarms of meteors, I am at present 
ned to consider the Perseus point as that point of diver- 
ice which presents not only in August, but throughout the 
)le year, the most meteors. This point is situated, accord, 
the result deduced from 478 observations by Heis, in 
Asc. 50-3° and Decl. SIS" (holding good for 18-14-6). In 
November, 1849 (from the 7lh to the 14th), I saw some 
hundreds more shooting slurs than I have ever remarked 
since 1841. Of these only a few upon the whole came from 
lico ; by iax the greater number belonged to the constellation 
of Perseus. It follows from this, as it appears to me, that the 
great November phenomenon of 1 799 and 1 833 did not appear 
at that time (1841). Olbers also believes that the maximum 
November appearance has a period of thirty-four years 
{Cosmo«, vol. i. p. 115). If the directions of the meteor-paths 
fre considered in their full complication and periodical recur- 
found that there are certain points of divergmiee 



tte night of the \^ of November, on the occasion of a fall but 
little less abundant, only four paths proceeded from Leo, 
Olbers (Schum. Astr. Nachr. no. 372) adds very significantly : 
On this night paths did not appear at all parallel to each 
other, and showed no relation to Leo : they appear, on account 
of the want of parallelism, to belong to the sporadic and the 
periodic class of falling stars. The proper November period 
was, however, certainly not to be compared in brilliancy with 
those of the years 1790, 1832, and 1833." 
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whieli ore always represented, otlicra wliicli appear mJj 
Bporadically nud cbnngcably." 

^\Tiether, moreover, the different points of divergence altd 
Tntli the yenra — which, if doted rings nre assumed, would indi- 
cate an alteration in the situation of the rin;; in wkich 'äa 
meteors move — cannot at present be determined with eo- 
tainty from the observations. A beautiful seriös of taät 
observatioua by Hounenu (during the years 1839 to 18i3! 
npgicars to oifer evidence against a progressive alteration.' 
Edward Heis'* has very cotreotly remarked thut in Greciw 
nnd Roman antiquity, attention had already been directed to 
a certain temporary uniformity in the directi-on at shoottngj 
stars dnrting acroBs the nky. That direction was thra eoB- 
sidercd as the rceult of a wind already biowing in the higtwt 
regions of the atmosphere, and predicted to the sailors 
approaching current of air descending thence into the lower 
regions. 

If the pfriodie streams of shooting stars are distingniahcd 
&om the sporadic by the frequent parallelism of their pRibi. 
proceeding from one or more paints of divergence, a sociwl 
criterion of them is the numerical — tlie number of individwd 
meteore referred to a definite measure of time. We cbbm 
here to the much-disputed question of the distinction of 
extraordinary fi'om an ordinary fall of shooting stars. Two 



" Snigoy, p. 151 ; and u]ion I^rman's determination of the 
point» of convergence diainetricaJly opposed to the points of 
divergence, pp. 125-129. 

" Heis, Period. StemHeTin. p. 6. (Cnmpure also Aristot. 
Problem, xxvi. 23 ; Seneca. Jfat. Qurest. lib. i. 14; " Ventma 
signifieat stellanim dtscurrcntium Inpsiis, et qiiidem ab ra 
parte qua eruin|>it.") I have myself long believed in llie 
inflnenee of the wind upon the direction of the shooting star«, 
especially during my stay at Marseilles at the time of tb« 
Egyptian expedition. 
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excellent obaervers, Olbera and Quetelet, have giren as tbm^ 
mean number of meteors which can be reckoned hourly infl 
the range of vision of one person upon not extvaordiunry days, J 
the former five to six, the Intter eight meteors." For the] 
discussion of this question, which is as important as the de> 
termination of the laws of motion of shooting stara, inreferenofl 
to their direction, a great number of observations are requii'tid, I 
I have therefore referred with confidence to the already« T 
mentioned observer, Herrn Julius Schmidt at Bonn, who, long 
accustomed to astronomical accuracy, takes up with liii 
pectiliar energy the whole phenomena of meteors — iif which the 
formation of aerolites and their fall to the Earth appear to him 
merely a special phase, the rarest, and therefore not the most J 
important. The following are the principal results of ti 
communications which I requested from him." 

" The mean number of sporadic shooting stars appearing 
there has been found from many years of observation (bctweeaB 
3 and 8 years), a fall of from 4 to 5 in the hour. This is the" 
ctrdinary condition when nothing periodic occurs. I'he mean 
numbers of »poradic meteors in the individual months, give 

for the hour, January, 3'4 ; February, ; March, 4'9; April, 

2-4; May, 3-9; Juno, 5'3; July. 4-5; August. 5-3 ; September, 
4"7; October, 4-5; November, 53 ; December, 4'0. 

" Of the periodie meteors there may be expected, on the 
average, in each hour, above 13 or 15. For a single period, 
thatof August, the stream of Lauren tius presented the following 
gradual increases from sporadic to periodic, upon an average 
o 8 yeare of observation. 
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' Cosmos, vol. i, p. 100. 

' All that is marked in the test with inverted commasj 
I am indebted for to tlie friendly comniuni cation of 
Julius Schmidt, attached to the observatory at Bonn. Will 
regard to bis eai-Iier works of 1944, see Suigcyi P> 1^9 
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Time. 
6th of Augost 
7th 


Namber of meteors 
in one hoar. 

6 
11 


Number of jevi. 
1 
3 


8th „ 


15 




4 


9th 


29 




8 


10th „ 


31 




6 


11th 


19 




5 


12th 


7 




3 



The last year gave for the hour, notwithstanding the dear 
moonlight : — 

On the 7th of August 3 Meteors 



8th 

9th 

10th 

11th 

12th 



»» 



»» 



»» 



»» 



$> 



8 

16 

18 
3 „ 
1 Meteor« 



>» 



>» 



99 



(According to Heis, there were observed on the 10th of 
August: — 

1839 in one hour 160 Meteors 

1841 .. .. 43 

1841 .. .. 60 
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In the August meteor-stream in 1842, there fell at the time 
of the maximiun, in ten minutes, 34 shooting stars). All 
these numbers refer to the circle of vision of one observer. 
Since the year 1838, the November falls have been less 
brilliant. (On the 12th of November, 1839, Heis still counted 
hourly 22 to 35 meteors; likewise on the 13th of Novem- 
ber, 1846 ; upon the average 27 to 33.) So variable is the 
abundance of the periodic streams in individual years ; but 
the number of the falling meteors always remains considerably 
greater than in ordinary nights ; which show in one hour only 
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r 5 sporadic falls. The meteors appear to be the most 
Ü January (cakulating irom the 4th), February and 
arch." 
Although the Aiigiigt and November p&riods are j'usüy the 
jt celehrated, still since the shootiug stars have beeu 
served with greater accuracy, as to their number and 
lilel direction, yet five others have been discovered. 

Jantmry : during the first days between the Ist and 
3rd ; probably somewhat doubtful. 

April: ISth or 20th? already conjectured by Arago. 
(Great streams : 25th of April, 1095, 22nd of April 1 800 
20th of April, 1803; Ooswitw, vol. i. pp. 113-114. An- 
ntiaire pour 1836, p. 297.) 

Mta/ .- 26 th ? 

Jiilg : 26th to the 30th ; Quetelet. Maximum pro- 
perly between the 27th and 29th of July. The most 
ancient Chinese observationa gave Edward Biot (unfur- 
tuuately too soon taken away) a general maximum 
between the 18th and 27th of July. 

August, hut before the Laurentius stream, especially 
between the 2nd and 5th of the month. For the most 
part no regular increase is remarked from the 20th of 
July to the 10th of August. 

The Laurentius stream itself, Musschenbrock 

and Brandes {Cosmos, vol. i. p. 112, and note). Decided 
maximum on the 10th of August; observed for many 
years, (According to an old tradition which is diffused 
among the mountain-regiona about Pelion in Tbeasaly, 
on tile feast of tlie Transfiguration, the 6th of March, the 



" I have, how 
shooting stars o 
(Lat. 13^° N.). 



ToU. p. 116). 



ever, myself observed a considerable fall of 
ithe 16th of March, 1803, in the South Sea 
Also 687 years before our era, two meteor- 
■n io China, in the month of March {Cosmos, 
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heaTens open daring the nigbt, and tlie lights {^tav^\la) 
appear in the midst of the opening; Herrick in SillimaiCi 
Amer. Journal, vol. xxxvii. 1839, p. 337; and Qvetelet 
in the UFauv. Mem, de VAead, de JBrtueeiles, torn. zv. 
p. 9.) 

Oetober : the 19 th and the days about the 26th; 
Quetelet, Bognslawski in the '' Arbeiten der Bellet. 
Gesdl^chirft för vaterl. OuUur.'' 1»43, p. 178; and 
Heis, p. 83. The latter instituted observations on the 
2l8t of October, 1766, 18th October, 1838, 17th October, 
1841, 24th of October, 1845, llth-12th October, 1847, 
and 20th-26th October, 1848. (See remarks upon three 
October phenomena, in the years 902, 1202 and 1366, 
Cosmos, vol. i. p. 116, and note.) The conjecture of 
Boguslawski, that the Chinese swarms of meteors, of the 
18th and 27th of July, and the &11 of shooting stars of 
the 2l8t of October (O.S.) 1366, may be the now ad- 
vanced, August and November periods, loses much of its 
weight after the recent experience of 1838-1848.* 



* An entirely similar fall of shooting stars as that which 
the youTijjer Boguslawski found for October 2 Ist, 1366, 
(o.R.), in Benesse de Horovic, Chronicon JEcclesuB Pragentit 
{^Cosmos, vol. i. p. 116), is fully described in the famous 
historical work of Duarte Nunez do Liao {Chronicae do8 Meu 
de Portugal reformados,^t. i. Lisb. 1600, f. 187), but placed in 
the right of the 22nd to 23rd of October (o.s.) Were 
there two streams seen in Bohemia, and on the Tagns, or has 
one of the chroniclers erred in a day ? The following are the 
words of the Portuguese historian : " Vindo o anno de 1366, 
sende andados xxii. dias do mes dc Octubro, tres meses antes 
do fallecimento del Rei D. Pedro (de J^ortugal), se fez no 
ceo hum movimento de estrellas, qual os homees näo viräo nem 
ouviiäo. E foi que desda mea noite por diante correrao 
todalas strellas do Levante para o Ponente, e acabado de 
serem juntas come9aräo a correr humas para huma parte e 



Nowmber: 12th-14th. veiy seldom the 8tli or 10th. 
The great ihll of meteora of 1 799 in Cumana on the 
llth-12th of November, which Bonpknd and I have 
described, bo far gave occasion to believe wi periodic 
appearances upon certain dai/s, tliat on the occaaioo. of 
the great fall of meteors in 1833 (November 12tb-13th) 
the phenomenon of the year 1799 was called to mind," 



outras para oiitra. E despoia descerno do eeo tantca e tarn 
spessas, quo tauto que forao hnxea no ar. pitreciao grandes 
fogiieiraB. e que o ceo e o ar ardiäo, e que a mesma terra queria 
aider. O ceo parecia partido em muitas partes, alii onde 
strelk-i nao staväo. E isto durou per muito spai^o. Os que 
isto viäo, houTcräo tarn grande medo e pavor, que stavao 
como attonitos e cuiduväo todoa de ser mortos, e que era 
Tiuda a Fira do mundo." " In the year 1366, audxsü days of 
the raonih of October being past, three months before the 
death of the king, Dom Pedro, (of Portugal), there was in 
the heavens a movement of stars, such as men never before 
saw or heard of. At midnight, and for some time after, all 
the slitrs moved from the east to the west ; and after being 
collected together, they began to move, some in one direction, 
and others in another. And afterwards they fell from the sky 
in such numbers, and so thickly togetlier, that as they de- 
scended low in the air, they seemed large and fiery, and the 
8ky and the air seemed to be in flameB, and even the earth. 
appeared as if ready to take fire. That portion of the sky 
where there were no stars, seemed to be divided into many 
parts, and this lasted for a long time. Those who saw it were 
filled with such gi'eat fear and dismay, that they wero 
asbinnded, imagining they were sliuck dead, and that the 
end of the world had come." 

" Nearer epochs of comparison might have been brought 
forward, if they had been known at that time ; for example, 
the sti'eams of meteors observed by Klöden, 1823, Nov. 
12th-l3th, in Potsdam; by Berard, 1831. Nov. 12th-13th, 
OD the Spanish coast ; and by Graf Suchtelu, at Orenberg, 
1832, Nov. 12th-13th {Ooamos, vol. I p.ll2; and SchiuB. 
I MtT. Nachr. no. 30a, p. 242). The great j 
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in 179St, « ceog diu g to 

tkr 6di-7th ; Herrick, 

; Heis, 1847, De- 



lia sni l±^ cf Xorember. vlacb Bonphud and I have 

IT. pL ;&4. j^kd ed. ^to.\ listed fron two to four o'clock 
A ^K iKnciac. ^poK ^^ vUe jomieT which we made 
tibtCQis^ 01^ iarest iveuK of tbe (kiBoco southwards, as far 
« Ra» X«r8c we fiiod tibat tiie cwnioas ML of meteors 
kid be«m sec« W tke sissmazies^aBd in some cases recorded 
m ^ke c«az«U»Qks. In Lafandor and &eenland, it threw 
^ke EaqqiaBoxx intt> a tcaie of ntter ama«mait as &r as 
liektti&UL aad New Hennkiit ,Lnt. W 14'). At Itterstadt, 
near WexaoBir. tk^ pKtor Zeian^ saw the same phenomenon 
^kat w:» at tk^ saane time TKxble under tiie eqimtor, and near 
tnenor^pobrcirciein Amexiea. ScDce the periodicity of the 
;Sr. Jj tmn i uim «tfnnaak An^vst lOdu did not attract general 
att^^tion until kxi^ after the 3«ea4rr period had« I have 
carrttulbr pbeed to^n^ther all the eonsiderable and accmntely- 
observed fidb of shootii^ stars on the 12th-13th November 
known to me up to 1^467 There are 15 : 1799, 1818, 1822, 
iS2;i: 1$^1-1$^ everr year: 1B41 and 1846. I exclude 
those ädls cf meteois wiii^ dijfer by one or two days : such 
as those of the 10th of XoTember, 17*87, 8th November. 1813. 
Such a periodicitT dosely connected with individual days is 
80 much the more wonderiu], as bodies of such a small mass 
ai^ eusoly exposed to disturbances, and the breadth of the 
ring in which the meteors are supposed to be contained may 
surround the Earüi for some days. Tlie most brilliant No- 
vember streams took place in 1799. 1831, 1833, 1834. (In 
my description of the meteor of 1799, the lai^st fire-ball 
has ascribed to it a diamet»' of 1^ and 1^^, when it should 
be 1 and Ij^ Immar diameier.) Tliis is also the place to 
m^uition the fire-ball which attracted the special attention of 
the director of the observatoiy at Toulouse, M. Petit, and 
whose revolution round the Earth he has calculated. {Comptes 
Bmdms, 9 Aoüt, 1847; and Schum. Astr. Mehr. No. 701, 
X 710 



" Eight or nine epoobs of periodic meteoric Btreams, of 
which the last &ve are most certainly determined, are here 
recommended to the industry of observers. The streams of 
different months are not alone different from each other ; 
in different years, also, the abundance and brilliancy of the 
same stream varies strikingly . 

" The tijijier limits of the height of shooting- stars cannot 
be ascertained with accuracy, and Olbers considers all heights 
above 120 miles as being less certainly determined. The lower 
boundaries which were formerly {Coamog,\o\. i. p. 107) gene- 
rally estimated at 16 miles (over 97,388 feet), must be greatly 
contracted. Some, according to measurement, descend very 
nearly to the level of the summit of Chimborazo and Acon- 
cagua, to the distance of 4 geographical miles above the level 
of the sea, Heis remarked, on the contrary, a fulling star 
seen simultaneoiialy at Berlin and Breslau on the 10th of 
July. 1837, had, according to accurate calculation, a height of 
248 miles when its light first became visible, and a height of 
168 on its disappeamuce; others disappeared during the same 
night at a height of 66 miles. From the older labours of 
Brandes (1833), it foUows that of 100 well-defined shooting- 
stars seen from two points of observation, 4 had an elevation 
of only 4 to 12 miles; 15 between 12 and 24 m.; 22 from 24 
to 40; 35 (nearly one-third) from 40 to öO m. ; 13 from 40 to 
80 m.; and only 11 (scarcely one-tenth) above 80 m. their 
heights being between 180 and 240 miles. From 4000 obser- 
vations collected during nine years, it has been inferred with 
regard to the colow of the shooting- stars, that two-thirds 
are white, one-seventh yellow, one-seventeenth yellowish red, 
and only one- thirty -seventh green." 

Olbers reports, that during the fall of meteors in the night 
of the 12th and 13th of November, in the year 1838, a beau- 
tiful northern light was visible at Bremen, which coloured 
K large parts of the sky with an intense blood-red light. TI^^^^^J 
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s»t«^<3<-iC3r< octras: across this regkm maintained their 

^«£ft^ >. fjuT TBsaJTcred, whence it mav be inferred that the 

3Mffr*Kr9 ^i^t nitf farther removed from the snr&ce of the 

3&ftr«2 tiwa Ae shooting-stars were at that point where they 

VcoLBie brisible. (Schum. Axtr. Nackr. no. 872, p. 78.) The 

r«t:iT^ velocity of shooting-stars has hitherto been estimated 

at fit<m 1 8 to 36 geographical miles a second, while the Earth 

kasonly a translatory velocity of 16'4 miles. {Omnos, vol. i. p. 

107 and note). Corresponding observations of Julias Schmidt 

at Bonn, and Heis at Aix-la-Chapelle (1849), gave as the 

artnal minimom for a shooting-star, which stood 48 miles 

TcrticaQv above St. Goar, and shot over the Lake of Laach 

only 14 miles. According to other comparisons of the same 

observer, and of Hoozeau in Mons, the velocity of fonr 

fllKM>ting-stars was found to be between 46 and 95 miles in 

the second, conseqaently two to five times as great as the 

l^anetary velocity of the Earth. The cosmical origin is 

indeed most strongly proved by this result, together with the 

constancy of the simple or multiple points of divergence, i. e, 

together with the circumstance, that periodic shooting-stars, 

independently of the rotation of the Earth, proceed during 

several hours from the same star, even when this star is not 

that towards which the Earth is moving at the same time. 

According to the existing measurements, fire-balls appear to 

move slower than shooting-stars ; but it nevertheless remains 

striking that when the former meteors fidl, they sink such a 

little way into the ground. The mass at Ensisheim in Alsace 

weighing 276 pounds (November 7th, 1492), penetrated only 

3 feet, and the aerolite of Braunau (July 14th, 1847) to the 

same depth. I know of ouly two meteoric stones which have 

A up the loose earth for 6 and 18 feet; these are 

ee of Castrovillari, in the Abruzzi (February 9th, 

. tliat of Hradschina in the Agram district (May 
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I Whether anything has ever fallen &om the ehootiug-ataie 
the Earth, haa been much discuBscd in opposite senses. 
e straw roots of the parish Belmont (Departemeut de I'Aia, 
Aroadissement Belley) which were set on üre hj a met<;or ia 
the night of November 13tb, 183d, just at the epoch of the 
known NoTember phenomenon, received the fire, as it ap- 
pears, not from a falling shooting -star, but from a bursting 
£re-ball, which problematical aerolite ia guid to have fallen 
according to the Etatemenia of Millet d'Aubenton. A similar 
conflagration, caused by a fire-ball, occurred on the 32nd of 
llarch, 1846. about thieo o'clock in the afternoon, in the 
commune of St, Paul, near Bagnere de Luchou. Only the 
fall of stones in Angers (on the 9th of July, 1822,) wae 
ascribed to a beautiful falling stnr seen near Poitiers. This 
phenomenon, not sufficiently described, deserves gi'eat atten- 
tion. The falling stars resembled entirely the so-called 
Soman candles used in fireworks. It left behind it a straight 
a treak, very narrow above, and very broad below, which lasted 
^Bfar ten or twelve minutes with great brilliancy. Seventeen 
^Hues northwards of Poitiers an aerolite fell with s great 

Does all that the shooting-Btat's contain, burn in the outer- 
moat strata of the atmospbtre whose refracting power causes 
t^ phenomenon of twilight? The above-mentioned larious 
I, during the process of combustion, admit of the in- 
e of a chemical difference in the snbstances. In addi- 
o this, the forms of these fiery meteors are eseeedingly 
]me form merely jiboiip/toreteeni line* of such fiue- 
B and number, that Förster, iu the winter of 1832, saw 
8 sky illuminated by them with a feeble glow." Many 
mooting- stiirs move merely as luminous points, and leave no 
tail behind ihem. The combustion, attended with rapid or 

' Forster's Meiiwire sur les Moilea ßlanlci, p. 31. 



of die txQs» «iödi are gCBenlhr many mfles 
mleii^lk.isaomiidi die move remarkafafe. as die banung tails 
bend and sometimes more onmords. Hie «hining 
boors of the tafl of a fire-ball wbidi bad kyng diaap^ 
peaied. observed bnr Admiial Kiusenstem and bis compamonB 
daräi^ tbf ir 105 a ge round die worid, Tiridh' calls to mind 
Ae i*m^ dbuua^ of ibe dood firam wbidi die great aerolite td 
..Seos Fotamos is said to baTe &Den. acoording to tbe certainly 
■oc qiaite tmstvortbT rdation of Damacbos. (QiMiofy toL i. 
Pl 122 and note.^ 

Tbere are sboodng-5iars of tot diflSaent magnitode in-> 
creasmg to die ai^ummt diameter of Jujater or Venus; 
on Ae occasion abo of die fidl of diootii^-stais seen at 
TodkNKse ^April lOdu 1S12\ and tbe obsorration of a fiie. 
ball at Utrecbt. on tbe 23rd of August of die same year, they 
n^nr? seen to form, as it were, from a laminons poimiy to shoot 
out in a ttitrliie manner, and then to expand to a sphere {Ä 
fht size of tbe Moon. In Terr abundant &lls of meteors, 
SQcb as tbose of 1799 and 1833, there baTe been undoubtedly 
many fii^^baUs. mixed with thousands of shooting-stars ; but 
the Uemtiht of both kinds of fiery meteors has not been by 
any means proTcd hitherto. Relation is not identity. There 
still nemaius much to be inTesdgated as to the physical rela- 
tions of both: as to the influence pointed out by Admiral 
Wran^U*' of the shooting>stars upon the development of the 
fol^r li^if on the shores of the Frozen Sea ; and as to the 
number of luminous processes indistincüy described, but not 
on that account to be hastily denied, which have preceded 
tbe formation of fire-balls. The greater number of fire* 
balls appear mffoceompamifd by shooting>stars, and show no 
periodicity in their appearance. What we know of shooting- 
stsurs« with regard to their diveigence fix>m definite points, is 
at present only to be applied to fire-balls with caution^ 

^ Q»mos, vol. i. p. 114 and note. 



^^^Jfe/eoric »tones fall the most rarely in a quite clear tkj, 
^^HÜioul the previoua formutioD of a blaclc meteor-cloud, witlL- 
<jut any visible phenomenon of ligit, but with a terrible crack- 
ling, as upon the 6th of September, 1843, near Klein- 
Wenden, not far from Mühlhausen ; or they fall, and this 
more frequently, shot out of a suddenly formed daik cloud, 
accompanied by phenomeua of sound, ihoufjh without hght; 
finally, and indeed the most IVcqucnily, the fulls of meteoric 
stones present thciaselvea in close connection with brilliant 
fire-balls. Of this connection the falb of stones at Barbotun 
(Dep. dta Landes) on the 24th of July, 1790, witli a simul- 
taneous appearance of a red tire-ball and a. icldte meteoric 
cloud," from which the aerolites fell; the full of stones at 
Benares, in Hiudostan, 13th December, 1798, and that of 
Aigle (Dep, de L'Orne), on the 26th of April, 1803, aflbrd 
well- described and indubitable examples. The last of the 
phenomena here mentioued — that which among all has been 
investigated and described with the greatest care by Biot— 
has fiuuily, 23 centuries after the great Thracian fall of stones, 
and 300 years since a Frate was killed by an aerolite at Cieina,'* 

" Kanitz, Lehrbuch der Meteorolngie, vol. iii. p. 277. 

" The great fall of aerolites at Crema, and on the shores of 
Adda, is described with especial vivacity, but unfortunately 
in a rhetorical and vague nianuer, by the celebrated Petrua 
Martyr, of Anghieia {Opus Epistolurum, Amst. 1670, 
no. cccclxv. pp. 245-246). What preceded the fall itself was 
on almost total darkening on the 4ih of September, 1511, at 
the noon how. " Fama est, pavonem immcnsum in aerea 
Cremensi plaga fuisse visum, I'avo visus in pyramideu con- 
verti, adeoque oeleri ab Occident« in orientem raptari cmBU, 
ut iu horse iiiomento maguam hemispheerii partem, doctorum 
inspectantium sententia, pervolasse eredatur. Ex ntibium 
illicu densitate tenebrus ferunt surresisse, quales viventium 
nullus unquam sc cognovisse fateatur. Per earn noctis faciem, 
oum forinidolosia fulguribus, inaudita touiirua regiouein ^J 
Hpircumsepserunt." " The report is, that an enormous peacod^^^^ 
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pot an end to the scepticism of tiie academists. A large fire- 
ball, winch mored from S.E. to N.W., was seen at one 
o'dock in the afternoon at Alen^on, Falaise, and Caen, whik 
^e dcT was quite dear. Some moments afterwards there was 
keard near Aigie (Dep. de L'Ome), an explosion in a nnaH, 
dlark, almost motionless ckmd, lasting for five or six minutes. 



seen flying in the dnr ahove the town of Crema. The 
peacock appeared to change into a pyramid, and was carried 
from west to east with such rapidity, that in a moment it 
seemed to traTerse the whole hemisphere, as some learned 
mok imagined who saw it. Immediately afterwards such 
darkness arose firom the denseness of the (äonds as was never 
known by mortal before. Daring this midnight gloom, un- 
heard-of thunders, mingled with awftd lightnings, resounded 
through that quarter of the heavens." The illuminations were 
80 intense, that the inhabitants round Bergamo, could see the 
whole plain of Crema during the darkness. *^ £x horrendo 
illo firagore quid irata natura in cam regionem pepererit, per« 
cunctaberis. Saxa demisit in Cremensi planitie (ubi nullus 
unquam aequans ovum lapis visus fuit) immensae magnitu- 
dini, pendens egregii. Decem ftiisse reperta centilibralia 
saxa ferunt." ^' You will perhaps inquire what accompanied 
that terrific commotion of nature. On the plain of Crema, 
where never before was seen a stone the size of an egg, there 
fell pieces of rock of enormous dimensions and of immense 
weight. It is said that ten of these were found weighing a 
a hundred pounds each. Birds, sheep, and, even fish were 
killed." Under all these exaggerations it may still be seen« 
that the meteoric cloud out of which the stones fell, must haTe 
been of uncommon blackness and thickness. The ''*' pavo " waa 
undoubtedly a long and broad-tailed fire-balL The terrible 
noise in the meteoric cloud is here represented as the thunder 
accompanying the lightning (?). Anghiera himself received 
in Spain a fragment, the size of a fist {acfrustris disruptorum 
saxorum), and showed it to King Ferdinand the Catholic, in the 
presence of the famous warrior Gonzalo de Cordova. His 
letter ends with the words : " Mira super hisce prodigiis con- 
scripta fanatice, physice, theologice ad nos missa sunt ex 
lia. Quid portendant, quomodoque gignantur, tibi utraque 
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i followed three or four times by a Boise like a 
.d B rattle of muskets, mixed with a sumber of 
Brums. At each esplosion parts of the vapour, of which the 
cloud consisted, were reiaoTed. No appearance of light was 
%-isib!e in this instance. There fell at the same time upon an. 
elliptical surface, whose major axis, from 8.E. to N.W., had 
a length of 6 miles, a great number of meteoric stones, the 
largest of which weighed only 17J pounds. They were hot 
bat not red," smoked visibly, and, what is very striking, 

servo, si aliquando ad nos veneris." " From these prodijiies 
Italy has furnished us with many a marvel of siipersliUDii, 
physic, and theology; what they portend, and how they are 
to come 10 pa^s, you will learn whenever you come to us." 
(Written from Burgos to Fagiardus.) Caidanus (Opera, ed. 
Ludg. 1663, torn. iii. lib. xv. cap. btxii. p, 279,) affirms still 
more accurately, that 1200 aerolites fell among them, one of 
120 pounds weight, iron grey, of great density. The n 



eaid to have lasted two hours 
in aere su.stineri potuisse;' 
could be supported in the i 
ball to be a comet, and er 
by a year : " Vidimus an 
time nine or ten years old. 
° liecently. 



tamtam molem 
it is marvellous that such a mass 
' He considered the tailed fire- 
in the date of the phenomenoa 
1510." Cardanus was at that 
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of the fall of aerolites at 
Br»unau (July 14th, 1847), the fallen masses of stone wero 
so hot, that after six hours they could not be touched with- 
OBt causing a bum. I have already treated [Asie Cen- 
irvie, torn. i. p. 408) of the analogy which the Scythian 
myth of »acT-ed gold presents with a fall of meteors. " 5. Aa 
tae Scythians say, theirs is the most recent of all na- 
titMis; and it arose i» the following manner. The first 
man that appeared in this country, which was a wilderness, 
was named Targitaus : they say that the parents of this Tar- 
gitaus, in mv opinion relating what is incredible, — they 
say, however, that they were Jupiter and a daughter of the 
river Boryslhenes ; that such was the origin of Targitaus : 
and that he had three sons, who went by the names of Lipox- 
Aposais, and the youngest, Colasais ; that during their 
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they were more easily broken during the first day after tir 
fall tliim subsequently. I have intentionally given more time 
to this phenomenon, in order to be able to compare it wtlh 
another of the I3th of September, 1708. About half-pwi 
four o'clock in the afternoon of the above-mentioned day, i 
dark cloud was seen near the village of Luce (Dep. d'Eurect 
lioire) 4 miles westward of Chartres, in which a noise *« 
heard like a cannon shot, and at the same time a hissLop; w» 
perceived in the air caused by the fall of a black stone mot- 
ing in a curve. Tlie stone, which had penetrated into the 
Earth, weighed T^lbs., and was so hot that it could not be 
touched. It was very imperfectly analyzed by Lavoisier, 
Pougeroiix, and Cadet. No phenomena of light were per- 
cotved throughout the whole occurrence. 

As soon as the observation of periodic falls of shooting 
stars was commenced, and their appearance oa certain nigbla 
expected, it was remarked that the frequency of the meUoa 



reign a plough, a yoke, an ase, and a bowl of golden work- 
mauship dropping down from heaven, fell on the Scythian 
territory ; thai the eldest, seeing them first, approached, iB- 
tending to take them up, but as he came neor. the gold began 
to burn ; when he had retired the second went up, and it did 
the same again ; accordingly the burning gold repulsed these; 
but when the youngest went np the third, it became exdn- 
guished, and he carried the things home with him ; and that 
tie elder brothers in consequence of this giving way, surren- 
dered the whole authority to the youngest. 6. From Lipox- 
ais. Iheff Mai/, are descended those Scythians who are called 
Anchatas; from the second, Apoxais, those who are colled 
Catiari and Trospies ; and from the youngest of them, the 
royal race, who are called Paralata;. But all have the name 
of Scoloti, from the surname of their king ; but ihe Grecinnt 
call them Scythians. 7. The Scythians say ihat such wM 
their origin ; and they reckon the whole number of year* 
from their first beginning, from king Targitaus to the time 
that Barius crossed over i^ainst them, to be not moTfl_ 
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renaed with the length of time from midnight, and that the 
ät number fell between two and five in the morniug. Al- 
on the occasion of the great fall of meteors at Cumana 
the night of the 11th and 13th of November, 1799, my 
v.travellers saw the greatest awarm of shooting stare 
1 half-past two and four o'clock. A very meritorious 
T of the phenomena of meteors, Coulvier-Gravier, ooa- 
i an important essay to the Institute at Paria, njwit 
ii variation koraire den etoilesßlantes. It is difficult to con- 
jecture the cause of such an hourli/ variation, an influence 
of the distance from the hour of niidnight. If under different 
meridians the shooting stars do not become especially visible 
until a certain early houi', then, in the case of their eosmical 
origin, we must assume what is still but little probable ; viz. 
that these night, or rather early morning hours, are especially 
adapted to the ignition of the shooting stars, while in other 



thousanc! years, but just that number. This sacred gold the 
kings watch with the (ireatest care, and annually approach it 
wilii magnificent saeriiicea to render it propitious. If he who 
has the sacred gold happens to fall asleep in the open air on 
the festival, the Scythians say he cannot sunive the year, and 
.on this account they give him as much land as he cau nde 
roimd on horseback iu one day. The country beinf; vciy 
extensive, Colasais established ttirce of the kingdoms fur his 
Hons, and made that one the largest iu which the guld is 
kept. The parts beyond the north of the inhabited districts 
the Scythians say can neither be seen nor passed throu|j;h. by 
reason of the feathers shed there ; for that the earth and air 
ore full of feathers, and that it is these which intercept the 
view," Htrodotui, iv. 5 and 7 ; (Translation, Bohn's Classical 
Libr.iry, p. 238.) But is the myth of sacred qold, merely un 
ethnographical rayth ; au allusion to three king's sons, the 
founders of three races of Scythians? an allusion to the pro- 
minent poaition which the race of the youngest son, the 
Paralatee, attained ? f Brandstatter, Sc^ldcn, de aurea caterva, 
1837, pp. 69 and 81.) 



692 COSMOS. 

boiirs of the night nKMre shooting stars pass by before midnight 
invisible. We must still long and patiently collect obserra- 
tions. 

The principal characters of the solid masses which fall 
from the air, I believe I have treated of with tolerable 
completeness (Cosmos , voL i. p. 117.) in reference to their 
chemical relations and the granular structure^ especially 
investigated by Gustav Rose in accordance with the state 
of our knowledge in the year 1845. The successive labours 
of Howard, Klaproth, Thenard, Vauquelin, Proust, Ber- 
zelius, Stromeyer, Laugier, Dufresnoy, Gustav and Hein- 
rich Rose, Boussingault, Rammelsbei^, and Shepard, have 
afforded a rich material,^ and yet two-thirds of the fallen 
meteoric stones, which lie at the bottom of the sea, escape 
our observation. Although it is striking that under aU 
zones, at points most distant from each other, the aerolites 
have a certain physiognomic resemblance — in Greenland, 
Mexico and South America, in Europe, Siberia and Hindo- 
ttan — still upon a closer investigation they present very great 
differences. Many contain -^^ of iron, others (Siena) scarcely 
y|^ ; nearly all have a thin black brilliant and at the same 
time veined coating: in one (Chantonnay) this crust was 
entirely wanting. The specific gravity of some meteoric* 
stones amounts to as much as 4*28, while the carbonaceous 
stone of Alais, consisting of crumbling laraelsB, showed a spe* 
cific gravity of only 1*94. Some (Juvenas) have a doleritic 
structure, in which crystallized olivin, augite and anorthite 
are to be recognized separately ; others (the masses of Pallas) 
afford merely iron, containing nickel and olivin ; and others 
again (to judge from the proportions of the ingredients) are 

^ The metals discovered in meteoric stones are, nickel 
by Howard, cobalt by Stromeyer, copper and chromium by 
liaugier, tin by Berzelius. 



I gregates of hornblende and albite ( Chateau- Renard), or of 
mhlende and kbrador (Blartsko and Chantoniiay). 
According to the general summary of results given by a 
sagaciouH chemist, Professor Rammclsbcrg, who has recently 
occupied himself uninterruptedly, and as actiTely as success- 
fully, with the analysis of aerolites and their composition 
from simple minerals, " the seporatioa of the masses fallen 
from the air into meteoric iron and meteorie ttaneii is not to 
be admitted in itä strictest sense. Meteoric irua is some- 
timea found, though seldom, with ailicaiet interraised (the 
Siberian mass weighed again by Heis of 1270 Russian pounds, 
with grains of olivin), and on the other hand many meteoric 
stones contain metalUc iron. 

" A. The meteorie iron, whose fell it ha« been possible to 
obeerve only a few times (Hradachrina, near Agram, on the 
26tlt of May, 1751, Braunau, 14th of July, 1847), while moat 
analogous masses have already laid long upon the surface of 
the earth, possesses in general very similar physical and che- 
mical properties. It almost always contains sulphuret of 
iron mixed with it in finer or coarser particles, which, how- 
CTcr, do not appear to bo either iron pyrites or magnetic 
pyrites, but a sulphuret of irou." The principal mass of such 
a meteoric iron is also sot pure metal, but consists of an allog of 
Mvn and nicifel, so that this constant presence of nickel (on the 
average 10 pei cent, sometimes rather more, sometimes rather 
less) serves jui^tly as an especial criterion for the meteorie 
nature of the whole mikss. It is only an alhff of two itomor- 
pJwus metals, not a combination in definite propoitions. There 
are also present in minute quantity ; cobalt, manganese, magne- 
sium, copper, and carbon. The last-mentioned substance is 
partly mixed mechanically, as difficultly combustible graphite; 
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partly in chemical combinatioii with iron, and therefore ana- 
logous to many kinds of bar-iron. The principal mass of the 
meteoric iron contains also always a pecidiar combination of 
phosphorus tcith iron and nickel^ which on the solution of the 
iron in hydrochloric acid, remains in the form of silver-white, 
microscopic, crystalline needles and laminse. 

*' B. The meteoric stones^ properly so called, it is customary 
to divide into ttoo classes^ according to their external appear- 
ance. The stones of one class present, in an apparently 
homogeneous mass, grains and splinters of meteoric iron, which 
ai*e attracted by the magnet, and possess entirely the nature of 
that found in larger masses. To this class belong, for example, 
the stones of Blansko, Lissa, Aigle, Ensisheim, Chantonnay, 
Klein -Wenden near Nordhausen, Erxleben, Chäteau-Eenard, 
and Utrecht. The stones of the other class are free from 
metallic admixtures, and present rather a crystalline mixture 
of different mineral substances ; as, for example, the stones of 
Juvenas, Lontalax, and Stannem. 

*' Since the time that Howard, Klaproth, and Vawjuelin, 
first instituted the chemical investigation of meteoric stones, 
for a long time no regard was paid to the fact that they might 
be mixtures of separate combinations ; but they were examined 
only for their total constituents, and it was considered suffi- 
cient to draw out the iron by the magnet. After Mohs had 
directed attention to the analogy between some aerolites and 
certain telluric rocks, Nordenskjöld endeavoured to prove that 
the aerolite of Lontalax in Finland consisted of olivin, leucite, 
and magnetic iron ore; but the beautiful observations of 
Gustav Rose first placed it beyond doubt that the stone of Ju- 
venas consists of magnetic pyrites, augite, and a feldspar, very 
much resembling labrador. Guided by this, Berzelius endea- 
voured, in a more extended essay {Kongl. Vetenskaps-Acade- 
miens Handlingar fiir 1834), to eliminate also by chemical 
ods the mineralogical nature of the separate combina- 




odAImis. The 



1 tltroo^ 
1, Bometiines in larger mssses, whick occaaianaUj fbim a 
)detoa. and ihus constitate the traiuiticHi U> tlicMe mrteoric 
wfaii^, as in the Sibman maas of Pallaa, the 
!r materials di^appeaf more considarably. Od acocnmt of the 
eonstaatjpre««iceo^e>/H'üi, they are rieh in magnesia. Tteoli- 
-vin is that part of the meteoric stone which is decomposed when 
it is treated with acids. likethe telluric, it is asüicale of mag- 
nesia and protoxide of iron. That part which is not attacked 
by acids is a mixture of feldspathic and aogitic matter, whose 
nature admits of being determined solely by calculation from 
its total constittients, as labtador, hornblende, angite, or 
oligoclas. 

'• ß. The second much rarer class of meteoric stones have 
been less examined. Ther contain partly magnetic iron ore, 
olivin, and some feidspathic and augitic matter; some of 
them consist merely of the two last mentioned simple mine- 
rals, and the feldspar tribe is then repreeeoted by anorthite.*' 
CItrome iron ore (oxide of chromium and protoxide of iron) is 
found in small quantity in all meteoric stones ; pho«phorie 
acid and titanic acid, which Rammelsbeig discovered in the 
very remarkable stone of Juvenas, perhaps indicate apatite and 
titanite. 

" Of the siviple »ubitances hitherto detected in the meteoric 
stones, there are 18:" oxgjen, sulphur, pkoaphorui, carbon, 

" Shepard, in SäUmaii's .American Journal of Science 
and Arta, ser. ii. vol. ii, 1846, p. 377; RammeUberg, in 
Po^end. Ann. Bd. Ludii. 1848, p. 377. 

" Compare Co»mos, vol. i. p. 118. 
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i^icium, ahmnnum, ma^fnenum, ealdum, potasshim, soi^wm, 
mm, nickd, eohalt, chromium, fnanffonesvum, copper, im, 
and titanium. The proximate constituents are : («) metallic : 
nickel-iron, a combination of phosphorus with iron and nickel, 
sulphuret of iron and magnetic pyrites; (h) oxidized: mi^ 
netic iron ore and chrome iron ore ; (c) siUcates : olivin, 
anorthite, labrador and augite." 

In order to concentrate the greatest number of important 
fticts separated from hypothetic conjectures, it still remains 
for me to develop the manifold analogies whidi som:e mete« 
om stones present as rocke with older, soHxdled tn^ 
Toeks, (doierites, diorites, and mekphyren), with basalts and 
more recent lava. These analogies are so much üie mtfre 
striking, as * the metallic alloy 'Of nickel and iitm, wiidi is 
constantly contained in certain meteoaric nasses," lias not 
Mtherto been discorered in tellnric mintfrals. Tl» same dis- 
tinguished chemist whose friendly commimications 1 bftTe 
made nse of in these last pages, enters ficiHy into this isubject in 
itL Special treatise,* thfe results of which will be more «ppro- 
^ately discussed in the geological past of the Cosicos. 

* Zentgehrifl /(bt ämgtst^m gedtog. ^hBBelkelmß, Bd. i. 
p. 232. All tbe matt^ in tht text ftem. p. S9S to p. ^996, 
wliich is between inverted oomma&, was taken frooBi tibe mtaah' 
script of Professor Kflmm^iWg (May, 1^1)« 
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In concluding the wanological part olihejihff steal description 
of the uaiversB, iu [akiag a reu-osjiect of whut I have aUimpCed 
{I do nut eaj acöompliahtd), aha the esccutiua of so dilUcult 
an HiiderUiking, I think it iicceasary once more to coll to mind 
that this execution could luive been eHected only uudei- those 
Gwiditioos which have been indicated in the IiUrodticlitm to 
the third volume of Coamot. The attempt to carry out auch 
a ooamical treatment of the subject is limited to the repre- 
sentation of spnc« aud its material contents, whether aggre- 
gated into spheres or not. The character of the present 
work diffifrs therefore essentially Iroin the more comprehensive 
and excellent elemeniatyvjori^otiasiroiiomg which the various 
literatures of incdern times possess. Attronomy, as a sciaice, 
the triumph of mathematical reasoning, bastd upon tlie sure 
foundation of the doctriae of gravitation and the perfection of 
die higher analysis (a mental instrument of investigation), 
trca^ of phenomena of motion measured accoi'ding tof^tuwand 
time ; localil^ (position) of the cosmical bodies in their mutual 
and perpetually -varying rclatiooiB to each other; diangeoffof», 
M in the tailed comets ; chauge of light, as the sudden appaar- 
BMce or total extinction of the light o£ distant suns. The 
quantity of matter present iu the universe remains always the 
sanie; but from what has already been discovered in the 
telluric sphere of physical bws -of natui'e, wc see working in 
the eternal round of material phenomena an ever- unsatisfied 
tAange, ]iresenUng itself in numberless and nameless ccsubliM' 
tun; Such an exercise of force by matter is called ibrth bj 
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its at least apparent heterogeneity. Exciting motion vn 
meaettrablg mmute «poee«, this heterogeneity of matter i 
plicatea all the problems of terrestrial phenomena. 

The a«(nwio«B'cn^ problems are of a simpler nature. Hitherto 
unencumbered by the aboTC -mentioned complications, directed 
to the consideration of the quantities of ponderable matte* 
(ma««e»), to the oscillations producing light and heat — the 
meehatiiea of the keaveng haa, precisely on account of 
simplicity, in which everything is reduced to motion, remained 
in alt its branches amenable to mathematical treatment. 
TTiis advantage gives to the elementary works on theoretical 
astronomy a great and entirely peculiar charm. In the: 
reflected what the intellectual labours of later centuries have 
achieved by the analytical methods ; how configuration and 
orbits are determined ; how in the phenomena of planetary 
motion only small oscillations about a wean conditio 
equilibrium can take place ; bow the planetary system, from 
its internal arrangement, works its preservation and perma- 
nence by the compensation oi perturbations. 

The examination of the means of forming a general con- 
ception of the universe, the explanation of the complicated 
celestial phenomena, do not belong to the plan of this worIc> 
The physical description of the universe relates to what fills 
space, und organically animates it, in botli spheres of m 
logical and telluric relations. It adheres to the consideraticA 
of the discovered laws of nature, and treats of tbem as ac- 
quired facts, as immediate results of empirical induction. 
order to carry out the work of tie Cosmos within the appro- 
priate limits, and not with too great extension, it must not be 
attempted to establish theoretically the connection of pheno- 
mena- In this limitation of the plan kid down beforehand, I 
have, in the astronomical volume of Cosmog, applied so muc& 
the more care to the individual facts and their arrangemeul. 
From the consideration of universal space, its temperatuiiK 
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) d^rec of its troiispareiicy, and the lealeting medium 
wäck fills it, I have passed on to natura.1 and telescopic 
1, the limits of visibility, the Telocity of Kglit, nccordiiig 
kthe difference of its sources, the imperfect meiLsuieueats 
[ luminous intensity, and the new optical means of dis- 
^ishing direct from reflected light. Then follows the 
1 of fixed stars ; the numerical statement of its self- 
}us suns BO far as their position is determined ; their 
(obable distribution ; the cliangeable stars n-hich reappear at 
ll-defined periods ; the proper motion of the fixed stars ; 
B assumption of the existence of dark cosmical bodies, and 
' influence upon the motion of the bimiry stars ; the 
nebulous spots, in so far as these are not remote and very 
dense snarms of stars. 

The transition from the sidereal part of uranology from the 
heaven of the fixed stars to our solar system, is merely a tran- 
sition from the universal to the particular. In the class of 
binary stars, self-luminous cosmienl bodies move about a 
common centre of gravity. In our solar system, which is 
constituted of very heterogeneous elements, dark cosmical 
bodies revolve round a eell'-luminous one, or much rather 
again round a common centre of gravity, which at different 
times is situated within and without the central body. I'he 
individual members of the solar system ore of dissimilar 
nature — more dissimilar than for many centuries astrono- 
mers were justified in supposing. They are principal and 
secondary planets; among the principal planets a group whose 
orbits intersect each other ; an innumerable host of comets ; 
the ring of the zodiacal light ; and, with much probability, 
the periodic meteor- asteroids. 

It still remains to state here fully, as actual relations, the 
three great laws of plimetitry motion, discovered by Kepler. 
^-First law: each orbit of a planetary body is an ellipse, in 
one of whose foci the Sun is situated. — Second law; each 



planefauy body describes in equal times equal sectors to 
the Sua, — Thirdlaw: the squares of the fimea of revoIutJm 
of two planets, are as tbe cubes of their mean distance«. 
Ills second iaw is sometimes called the first, because it 
disoovered earlier. (Kepler, Attronoiaia nova, smt Physüm 
eaiestit, tradita commtmtar^ de motibug stelle Marti», 
obgerty. ISfchonia Brahi elaboraia, 1602; compare cap. : 
with cop. lis.) The first two laws would be applicable, if 
there were only a single planetary body ; the third and most 
important, which was discoTeied nmeteen years afterwards, 
fixes the motions of two planets to one law. (The ma 
script of the Marmoniee Mundi, which appeared in 1619, ' 
ah«ady comjJeted on the 27th of May, 1618.) 

While the laws of planetary motions were empirieally dis- 
oovered at the commencement of the seventeenth eentury ; 
whileNewtonflrstdiscovered the force, of whose action Kepler's 
1«W8 were to be considered as necessary consequences ; so 
end of the eighteenth century has had the merit of demonstrat- 
ing the gtahility of the planetary iystem by the new path 
which the perfected calculation of infinitesimals opened to the 
investigation of astronomical truths. The principal element« 
ot this stability are : the invariability of the major a:cea of the 
planetary orbits, proved by Laplace (1773 and 1784)Xagrange. 
and Poisson; the long periodic change (comprised within 
narrow limits) of the eccentricity of two larger planets more 
distant from the sun, Jupiter and Saturn, themselves only 
Y^j-g of the mass of the ali-goveming central body ; finally, 
the itrracgrment that, according to the eternal plan 
ereatton, and the nature «f tho formation of the planets, 
they have all a translatory and rotatory motion in one di 
tioa; that this motion talces place in orbits of slight and 
but little varying ellipticity, in planes of moderate difference» 
«f inclination ; and that the periods of the pliuietary revolutions 
e among each other no common measure. Such eleniontl 
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of stability, as it were the maintenance and duration of the 
planets' existence, are dependent upon the condition of 
mutual action with a separate circle. If by the entry of a 
cosmical body coming from without, and not previously be- 
longing to the planetary system, that condition was disturbed 
(Laplace, Expos, du Si/st. du Monde, pp. 309 and 391), then 
this disturbance» as the consequence of new attractive forces, or 
of a collision, might certainly become destructive to the existing 
system, until finally, after long conflict, a new equilibrium 
was produced. The arrival of a comet upon an hyperbolic- 
orbit from a great distance, even when want of mass is made 
up for by immense velocity, can excite apprehension only in 
an imagination which is not susceptible of the earnest assur- 
ances of the calculation of probabilities. The wandering clouds 
of the interior comets are not more dangerous to our solar 
system than the great inclination of the orbits of some of 
the small planets between Mars and Jupiter. Whatever 
must be characterized as mere probability, lies beyond the 
domain of a physical description of the universe; science 
must not wander into the cloud-land of cosmological dreams» 
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i, 293. 



.rksof, 



Honzeau' 

diacal light, 565. 
Hnmbo I dt, Aleian der 

Aaie Centrale, SBt«. 

De Dittributione Geogrophica 

Planlarum. 451. 
Eiamen critli|iie lie I'HietDire 

de Is Geographie do Nou- 

veau CaatioeDt, 294, 315, 

338, 490. 
Kleinen Scbriftm, 440. 
VoFBge sui R^oDS eqdlnoK- 

iales, SBl. 
Toea de« CordaiSres et Monu. 



I 



Bttjgtnt discovers the nebula in the 

Bwonlof Orion, 289, 327 
^geii, diico*er7of,4£I ; elenents, 

n, ■ BsCellite of Saturn, 
liar light on the 



■^»08. 

^■Intens I ti 



■Intensity of the 

planets. 461. 
Interior coraeUi, 55S. 
Interior planets, 424. 
Irene, discover; of, 421 ; elements, 

SOS. 
Iris, discovery of, 421 ; elements, 

508. 
Irregular nebnlons masses, 331 ; 



ac, Aben Sid Hassan, introdttc«! 
Ae Utiniied trmi ncbulosBi into 
the Alpbonsine Tables, 294. 



Jupiter, numerical data, 511 ; 

stroHks, or girdles, 513. 
Jupiter's mtellites, aamerical data, 

516. 

Kant's speculations on nebul« and 

star-formntion, 301. 
Kepler on planeWry distance«, 433; 

luirs of planetary modou dil- 

eovered by, ay9. 

Lacaille, his etasäficaCion of ne- 

buls, 300, 
Idmbert's specnlatiot 



La.iiBell, discovery of n sotelli 
SEttum by. 523; of latellita» 
Neptune by, 532. 

Laurentius stream of fallinir 
579. 

Le Centil's study of nebi 



lit»rf I 



the discovery of Neptune, £29. 
Leiell's Comet, 547. 
Light, time required to traverse the 

radius of tue l<:arth's orbit, 361 ; 

solar and artiBcial, 393 j differ- 

ence of intensity in the different 

planets, 461. 
Light, zodiacal. See Zodiacal light. 
Lighl-i^ods, camels ao styled ' 






Mngellanic Clouds, early 

994: termed Cape-clouds by the 
Portuguese. 335 ; general i '- 
tion of the name, 339; desc 
by Sir John Hencbel, 342 






^^^^^r [ * 1 ^^^V 




MnndnsJo™lU,a»oAbyGaiyco, ' 


nor with Ihe Milk* W.^. 3A3. 


296. 






of pUnrts. ^26. 


Nehol». the first isolated, dis- 


Hip of tbe M<HS. 490. 


eovered. 295- 


Mirs, nameriral d>U. 502; nuti»- 




Tolosi«! uulogi« with the 


3(IO;discoTerie9oftheHerschel8. 


E«th, 503. 


302; of the Earl of Rosso and 


HisMS of tbc pluuts. 445. 


others, .101 ; probably no essea- 


M». finJnESUrtin, 579. 






and clustem of sfara, 305: ques- 


Huhu), fint dncrib« > nebula. 


tion of the elisteace or non- 


295. 


existence of a selMnminoas, 


Mercury, di.l»i«. diunsWr. m«s. 


laparoug matter, 307; elliptical. 


denSLlj of. 170. 


318; annular, 319; planetarj-. 




320; nebalons stars. 322; galaxy 


nebols. 303. 


of. not confirmed by receut ob- 




serration. 325. 


UclMric stones. bb6; »Idom fall 


Nebular theory, the, 301; inde- 


from n dear •kr. 587; reinark- 


pendent of the theory of sidereal 


able fidl. of, 587; andysis, 


aggregation. 303. 


592. 


Nebulous masses, regular, 315; ir- 


MeÜf, dUcoKTj of, 4!1 ; elements, 


regular, 32 Ij these bHtar mostly 


50B. 


»taste near the Milky Way. 


Michsll conceives sll nebnl« to be 


322; Mtraordinarj aiie of som^ 


■tellar closters, 302. 


and siniiular forms of others. 


Milkv War, HuYgena on the. 328. 


326. 


Mi««s,.SHtelli.eüf Saw™. S23. 




Moon, mTths respecting the, 438, 


positions have been detennined, 


440) estimate of the heat of fU 


292; early notices of, 293; Ga- 


' wirface. 461; numerical daU. 


lileo'sdiscoveries,297; Hujgens, 




299; I-acülle, 3Ü0; other inxes- 




tigators, 301; the diacovertes of 


^H the IndisDS, Kiog of the stars oC 


the Qerschels, 302; the Earl of 


^r cold. 479: edi|)ses, 483) predic- 


Rosse, 304; Sir John Hersehd'» 


^" tiona from the colonr of the 


distribution of, 312, 


e<.-Uiised bod;, 485; lunar ttti- 




li|1.t disproYed. 486; probably a 


parchns, GemlnoB, and Ptolemy, 




293; a modem division of r^u. 


1 tion. 487; spots, 488; luppoaed 


lar nebulK, 322. 


^■^ to reflect the surface of onr 


Ni^ptune, considerations on the dii- 


^B planet, 4H9| toposraphical chart, 




^H 490; so-called seas, 49t; moun- 


528; oUimsto the diicorery of. 




529. 


^H with the mountsins of the Eartb, 


Neptnne, satellites of, 531. 


^^1 494; ray-systems, 495; annular 


Northern Catalogue of the Hw- 


^^H plains. 495; craters of elevation. 


schels, 309. 


^^L 497; rills, 499; iofloence on the 




^^^^Swth, äOO. 


many nebiilie, »t.d but few jBfr M 


^^^^Bjtass of the 


^H^H 



Korembcr period, meteon of the, 

S73, SSI. 
Nubecula Major and Minor, 301, 

3-10. 
Mnmber and epoch of discovery of 

the principal planMs, 403. 
NutatJan of the Eorth'b uis, 427, 



October, falling stare in. SSO. 
011)«rs' conjecture as to the sate- 

roids being fragmenls of a single 

deatrayed pianet, 509; on Ehuot- 

ing stars, aS3. 
Orbits, inclination of, planetary, 

449) cometary, 557. 
Orion, nebula in tlie sword of, 298, 

326 i io the head of, 326 ; trape- 
indedby anebula, 
discovered in the 



449i I 
I Orion, ni 
^■326; i 

^B'SSOi 
V trapez 



1. 330. 



Pallas, diseavery of, 421 ; eleruenti, 

ao6. 

Fartbenope, discovfry af, 421 ; ele- 
ment!, ban. 

PenambriE of the snlar hady.3l7. 

Periodic meteors, number of, ob- 
served at different hours, and in 
diSerent montlia, 577. 

Perpetual sprmg, its undesirable 
nature, 451. 

Perseus, faUing stars issuing tmnx, 
674. 

PerDvian seven-day week, an error, 
418. 

Peter Martyr, his description of 
the Magellanic Clonds, 340; on 
ttfallofaerolileB, 587. 

PhotUEpbere of the nebulous stars, 
322; of the Sun, 363. 

Ficard iDvesiigatea the nebnia in 
Orion, 299. 



Planetary motion, three great laws 

of, 599. 
Planetary nebula:, 320; mainly found 
' In the southern hemisphere, 320. 



5 1 

Planetary system, stability of, how 

Planets and their satellites, general 
considerations, 402 ; principal 
planets. 403 ; dtseovery, 403 ; 
names, 407; plaoetary signs, not 
of ancient date, 4 1 1 1 days and 
metals named from. 411; early 
conjectures that other planets 
remained to be discovered, 419 i 
periods of discovery since (he 
invention of the telescope, 420 ( 
classification in two groups, 422; 
exterior, generally larger than the 

rent magnitudes, 42(i ; arrange- 
ment and distances, 429; as- 
sumed laws, by Titius and Bode, 
and Wurm, 442; masses, 445 ; 
densities, 446; periods of teio- 

inclination, 449 ; 



Planets, lecondary, numericiU data, 

462. 
Planets, the small, numeri.al data, 

594; table of elements, 5Uä ; 

Olbers' conjecture as to their 

origin, 509. 
Plateau on irradiation, 487. 
Principal planets. 403. 
Proselenes. astrunumical myth of 



Ptolemy men 



i nebulous . 



Regular nebnlse, claaaifica 



DD, Dr., nebuln resolved fij 



rVLL*^'/ 



fi&DCUFPBf? 



P&niTBD BT HARMSON AND SON, 
LOmHW eASBTTB OFHCX, ST. VAKnil*8 LA5X, 

AMD 
WmitlD STBBST, WXSTMUISnm. 



St Sbtlm C^talopc d 
NEW BOOKS AT REDUCED PRICES, 



HENKY G. BOIIN, 
TOBK STREBT, COTEKT QABDEN, LONDOIT. 



|- 



tu Ol Matti niurliud in 



itall) Uardii ■■ cMI. 



FINE ART3, AnCaiTECTURE, SCULPTURE, PAINTING. RERALDRTi| 
ANTIQUITIES, TOPOGRAPHY, SPORTING, PICTORIAL AND HIORLTF 
ILLUSTRATED WORKS, ETC. ETC. 

VNQLER'S SOUVENIR. Fl>|i.lT0.niihell1il>idw1l>i|iirudisr WbnoUIUEnfr»! 
nniiiJ*J(pötp.«llJi.),Öntb,^II,'»i. ' "* ""' '''* JY 

ARTISTE BOOK OF FABLES, «im.ri.in> . 5«l« «t 0tI?i»i>] FoMoi. iüMMti 






BARBERS tSLE OF WIGHT. 1 
BEWICK'S SELECT FABLES, ■ 






BOOK OF 
BOOK OF 

BOOK or GEMS, OR THE MODERN ''££J^,„*'*5,A''^f^^ "F QREA 

iLE. n», »u 






BOOK OF SHAKSPEARE G 



CATALOOCK OF NKW BOOKS 



BROCKEIMNS pASSES OF T 
BRITTON'S CATHEDRAL CH 






BHYAN-S DICTIONARY Of PAINTERS AND ENOAAVERS. Kmm BUik«,» 

lÄBk(rM^liilUt»l,l«^MüU>u«J»Hi.p™j.«1 Um^ », a.caiin «T'»!.»» »I».!» 

BULWERS PILGRIMS OF THE RHINE, in. EdMIUU^ .lib ii .^sMuitek. 
■nvio^ triei IHvlil llDbHU. Uullvi> Kwl Ptftii (piA. At I/. 11-. tfd.l. clDib «Im ite 

BURNETTS ILLUSTRATED EDITION OF SIR ilOSHUA REVN0L08 



rANOVA'S WORKS, •unxnl to «111» bj H~D, •!« 



CARTER'S ANCIEItT ARCHITECTURE OF ENGLAND, luniimed ti, mCm^ 

CARTER'S ANCIENT SCULPTURE AND PAINTINO NOW REMAOM 
10 RNGl-ANII.frowlhaKifUfalPfflvdTBthfl Jul^ of hvnrr VILI. vrtiti HJitoWdM 
Orld»! lILaatnUaqa, b/ Dquch, aovuVt tAlvit-fi, Diwian TirvvBK, «od VtiBA 
tWJWiilbi^riit IID JafF« BngrtWneB. vanr 4tf whl'A u« bnuurullf »latar^d, «Dd «TH 

oatrrnr* ooI^k; ARCHiTECTunE, uj ai dm Gsudi.^ n, shmk, •» > 

CATUN'S NORTH AMERICAN INDIANS. 1 « ■. l>rL M. Ho Bi«n>^ una 

CATTERMOLE'S EVENINGS AT HADOON HA'.I- HRqalil[.B>«rtv>*i4 
tomDulfuliyUvMi: ■-■ ■- j— |-.— ., p.... - .- , ,. r^ |lllTlp|«» 

F DRAWINGS h« <l» o«t Mi^m • « 



SLAUorS UBE 



Cultocdon lit >» KhuiIui IB liiilutliiaar«>^ari 
><dU. hllo (inb. U )U. lu.l, bail-bLHuid Hnr\# 

E ENORAVINQS, «nnlBbv Mn» .r Urn 



COE8VELTS PICTURE G 
COOKES SHIPPING AND CRAFT I 






ID fTS VICINITV. v^w 



COOKES picTURESaUE SCENERY OF LONDON 
llami, ud^smu. BsfiTila. Fissb (piili.ml>l.J, |il 



CORNWALL, AN 









mNERARY DFLKxlojIlof 1 



TS'ÄÄ 



COTMAN'S SEPULCHRAL BRASSES IN NORFOLK AND SUFFOLK. w^W ■• 

lUuunu Ui EUiuluUnl, MUlur]. ul Ciill Cnluu sT bmir ^u... »U'' l.r^^l^ 

Bw»« A» «^landidly Ul nnuoflUil. 1 tola, Ik 




PUBLISHED OR SOLD BT H. G. BODli. 



GOTMAN^ ETCHINGS OF ARCHITECTURAL REMAINS to tvIou eoiuliM la 

. Bi^MMit «Hk L«tt«riirMt DMcriptloiM hr Rickmah. S toIi. Imperial foUo, contalalBt liC 

ä %tiy s|ärlt«l Btclüati (pub. at 9U.), halfmoroeco, tL St. IttS 

DANIELL'S ORIENTAL SCENERY AND ANTIQUITIES. The original magoIOcent 
•Ütlon, IM nleiuUd eoloared Views, ob the largett ecale, of the Architecture. Antiquities, and 
liMi****?* Icenon of HJadooettn, • vols, in 3, elephant folio (pub. at 21M.), elefanthr nair- 
Vamui nmrrtir, 'r **- 



OANIELLB ORIENTAL SCENERY, e toIi. ta S, anall folio. IM PUtea (pub. at 1«. Ufc 
kalf-boncd BBoraec«, 6L 8«. 
Tkla li ndveed him the precedlnf large work, and U OAcoIoured. 

OANICLL'S ANIMATED NATURE, being Plctureeqae DeUneatlona of the neat fartereallnff 
SaUeeta (Iron all Branchce of Natural Hlitory, lU Bngravlngs, with Letter-prei« I^Mciiptluna 
S Wl«. «wU Ibllo (pub. at \bL 15a.), half morocco (uniform with the OrlenUI Scenery), M. S«. 

DON QUIXOTE, PICTORIAL EDITION. TraneUted by Jaktis. earefVilly ravlaed. 
With • eoploaa orlglBa) Memoir of Cervantea. lUuitratcd by upwards or SM beautiful Wood 
Xagravtaga» after the celebrated Designs of Tovy Joiianmot, including K new and beautiful 
larg« Citta, by AaMsTKOMO, now first added. 2 vols, royal Svo (pub. at U. lOt.), cloth gCt, 
IL as. 1»M 

0I|L,9^ 4>l GALLERY, • Series of 50 Beautifully Coloured Pistes fh>m the most Celebrated 
^'^— - In this Remarkable Collection; executed by R. CocKsuax (Custodian). All 



laiM 
iMJnded 



[■lad on Tinted Card-hoard In the manner of Drawings, Imperial folio, Including 4 rery 
• addlttonal Plates, published separateljr at ttom S to 4 guineas each, and not before 

nded In the Series. Ina handsome portfulio, with morocco back (pub. at 4M.), 16i. id«. 

■«"ms b ane of the most splendid and Interesting of the British Plctnrt Oallaries, and has 

fcr ■DIM yean been quite unatuinable, even at the füll price." 

EOYPT AND THE PYRAMIDS.~COL VYSE'S GREAT WORK ON THE 
PYRAMIDS OF OIZEH. Whh an Appendix, by J. S. PaxRiHo, Es«., on the PyramUa at 
Abou Roaskt the Payoum. fte. ftc. 2 vols, imperial Svo, with M Platea, Utbographed by 
HAftHB (pnb. at iL XU. «<(.), IL U, 1S4« 

EGYPT— PjUMNQ'S FIFTY-EIGHT LARGE VIEWS AND ILLUSTRATIONS OF 
THB nrBAMIDS OP OIZSH, ABOU ROASH, ftc. Drawn fh>m actual Survey and 
AdmaaannaMnL With Motes and References to Col. Vyse's great Work, also to Denon, the 
great French Work on Egypt, Rosellini, Belsuni. Burckhardt, Sir Gardner Wilkinson, Lane, 
and oiben. S Parts, elephant folio, the slxe of the great French *' Sg^pta" (pub. at liL IS«.) 
!■ prtM/fd wnpp*ni *^ *** i half-bound morocco, iL 14«. M. IMg 

CNOLEFIELD'S tSLE OF WIGHT. 4to. ss laige Plates, Bngraved by Cooks, and a Geo 
tagieal Map (pub. 7L 7«.), cloth, IL Sa. HI« 

FLAXMAN'S HOMER. Seventy-five beantlfiil Coraitositlons to the Iuab and Odtssbt. 
■ngimvad ondor FiAXMAM'a Inspection, by Pimou, Moaia, and Blaxb. 2 vols, oblong Ibllo 
(pvk. at §L is.), boards 8<. 2a. ^ HOg 

FLAXMAN'S /E9CHYLUS» Thlity-afac beantilWl CoaposlilitBa ttom. Obtong Ibllo (pnb. at 
ML Us. id:T, boaida IL U. ^ ^' IgSi 

FLAXMAN'S HESIOD, Thirty-seven beautiful Compositions firom. Obloiit Ml« (nob. M 
ML Ilk firf.), boards U.5«. *' lti7 

** Flazman'a nnoquallcd Comnosltlons ISrom Homer, JBsehylus, and HeekkL have long 
m tha adnüratloa or Baropa; of their simplicity and beauty the pen Is quite incapabla or 
iveying an adequate Impression."— Air TAoeia« Lmwnnet. 



FLAXMANS ACTS OF MERCY. A Series of BMit CorapotttloBs, In the manner of 
Ancient Senlpture, engraved In InlUtton of the original Drawings, by F. C. Lbwis. Oblong 
Mk» (pub. at 2L 2«.), half-hound morocco, 10*. Igg} 

FRQISSART, ILLUMINATED ILLUSTRATIONS OF. Seventy-four Plates, printMl la 
Gold and Golonn. 2 vols, super-royal Svo, half-bound, uncut (pub. at 4L 10«. ), Si. l6. 

•»— — th« Mas, large paper, 2 vols, royal 4to, half^bonnd, «neut (pub. at ItJL IS«.), «. §§, 

QELL AND GANDY^ POMPEIANA ; or, ~ f ^poaraphy, Edifices, and OmaoMnts «i 
PoaweU. Original Series, eoatalning tho BaaAhof the Bxcavallons pravJons to ISlt. i vola 
iwraisvo, baat edhloa, with upwards of ISO beautltal Uae BngravlBts by Ooodalx. Coou 
Bbath, Ptk, etc. (pnb. at 7£ 4«. ). boarda, Si. S«. in4 

GEMS OF ART, 30 FINE ENGRAVINGS, after RavnaAnBT, Cut», Ritvolim, Pova- 
■in, Miraii.in, TsKiana, Coaasaio, VAabxarxLox, folio, proof Impressions. In portfbllo 
(pabwatSLS«.), U.li«.6d. ^ 

GILLNAYV CARICATURES, printed tnm the Original Plates, an angraved by himself 
boiween 1779 and isio, comprlslaf the best Political and Humorous Satires of the Reiga of 
Oaerg« the Third, in upwards of SCO highly spirited Engravlnn. In l large voL atlas fbllo 
(«sartly nnlfcrai whh the original Hogarth, as sold by the adverttaar), half>bouad vad moiocco 
«atia, flit edges. U, S«. 

GILPIN'S PRACTICAL HINTS UPON LANDSCAPE GARDENING^ vitk son« 
BMMTkB OB Domeetk Arch(teet«ra. Royal Sro, Plates, sloth (pnb. at II.), 7«^ 

GOETHE'S FAUST, ILLUSTRATED BY RETZ8CH ta as beaatlfU OnUtBas. RoyM 
«•»ipna. at IL ISi), glU eioth, I««. Sd. 
fUs aittlBn contains a tranalatioo of the original poem, vita hlstorleal aad deserlptlve aotea. 
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.-0 «MIMALS OF SOUTHERN AFRICA, tant In 

bI Biit">ui)i. *]lk w rtjuilHl al Hca4i, SUu, te^^ 

«MRtSS WILD SPORTS OF SOUTHERN AFRICA. Ihm. I'd. " ■ H \ \ 
tv>l Kiviitafi. ud iMiplpub.» «. ti.J.fUl r:sUi, fill iJiei, II. u. ')■ 




HOIJIINJ COURT OF HEWHV THE EIGHTH. *Bwt« KU mribm»!^^^^ 
Iln«ta« wSmi 1> Ibi Satit ColUrU« u Wlnlmr; tritt °Hlibirk>l ud BIi««Be! 
IM(H-««i I17 Emnn Lowi, Eh. Fuhllilicd bi JOB* Cnunimuiiu. bsnfilfls: 
|flik.flH.lu.),hi]M>Hndmoii>Eui,nüL|Ullu(tu)ilnltn, SI.I1..U. "'- 

MOFLANO'S BnrTTSH ANGLERS MANUAL; Itdl»d br £i><tui Ium I 
■IH An stAD^Iü In BMlud, BcoUi U. Wilci. iid InUndi IbclDillitr • nKUali 
<( lk> iirtKlFid n>(nhL||kK. ud Tionl 9uuii:>, «lUi linracäein U R; *Utu 

•n, iHtut In (ll> cliHli. IK ' r »vn 

HOPrS COSTUME OF THE ANCIENTS. ntuHnnd m =^„i, mbi u 






HOWARD fraANK) °^C<>'-PJ'^^,^^ 



HOWARDS (HENRY. R. A.) LECTURES ON PAINTINa. 

MO»(AB01S iFHANlO SPItT _OF_S( 

MUMPHRCV^S (H NOEL) ART OF ILLUMINATION AND MISSAL PAIN-nNa 

CWW OfENCLAND, 1 atiek <^ a< uon™ •< u< RuUA Cjtam' 

1V0OR ARCHITECTUK ADAPTED TO MODEHR 

fpR PA IKON AGE-HOUSES. ALMSHOUSES, ETC »rrU 




PDBLIBHED OR SOI.I} BT B. O. BOBN. 
HUKI-S DESIGNS FOR^GATE LODGES. GAMEKEEPERS' COTTAQ ES, ETC. 

tWWrs ARCHITETTURA CAMPESTHEj ua DESmsa POtt LODQKH. OAtt- 

lUDMINATED BOOK OF CHRISTMAS CAROLS, >qun»D. H BndBi m<iii>h.ic,l 
ILUJMINATED^ BOOK OF NEEDLEWORK, B7 U"- o-».. with • iiwr, ef N.tai- 
lUJJMINATED CALENDAR FOR 1850. tnpita Iren • irklmtid MI...I n.«««^^. 



IIXUSTRATEO FLY-FlgHER'S TEXT BOOK, A 



ITALrAN Si 



JOLOFDE! 



«, cUBflj «Knnd 



JMteS'la. p. R.l BOOK OF THE PASSIONS, royil no. ntai 
U>c Eikgntinn, kAer drjavlB^br EDVAUt Cduiuddlp Bthfhji 
MiADOwi. ud JvHKivni Bumiied UDdof Utv laperlnldndflDG« of ( 






JAMESON'S BEAUTIES OF THE COURT OF CHARLES THE SECOND. 1 nM 

UlvL KU. II liulitUul fartnlu (pub. II U. U. J, Elclb, IL U. MH 



I (HENRY OALLYl, 



la ■mj Uli m^nTliilMKii 



ARCHITECTURE 



la uEronolaBlcil Oi^'i; iWi DilcripU» LMtl-^mi. 



I 



KMSHTS (HENRY C 



S PICTORIAL LONDON, o .ol.. boond tt 3 turt bind»«, .oli. InpwUl wj, 
LONDON.-WILKINSON'S LONDINA 'LLUSFRATA t OBj^^J^^f^*™ 

LOUDON'S EDITION OF REPTON ON LANDSCAPE OAROENINQ AND 

LVSON'S ENVIRONS OF LONDON; b. In. tn Himricii Xccnint or li. T=™'*'J^;; 
(niii.irfS(.'iü"^°«iSl'i"i (?.'"""'■ "^ ""' '"■ '' 

MACOREGORS PROGRESS OF AMERICA FROM THB DISCOVERY; « 




"ans suta s&rsss'.sjsi.'ss'. 



Mcmtann AacHnvcnjKi: m ntMcipus and MucncK n 
picTOW^^H» TOWTO F eBWMin' puawtt the iibgn ^ nmiEneK 



tk. DU-L tr >«»n ir«- •• K >L t. «iW «Hk tfML hT* ^^ 




FDBLISHEß OB SOLD BT H. G. BODN. 

nCTUHESOUE TOUfl OF TH£ RIVER THAMES. !■ lu Wuuni Caana, 

eftitulir 9ewriptlaiu of BlebbiDiul, Vlniliar. ■pd Hjimptun Conn. Bj Jam Pibhu 
iruuT. tuonnjMl if dpnnU aC Ita nrry liLitfalf-püifavd Woihl Bnnnvlnri hj Olu* 

■nirtf bHEtllfDj Cai>H' ud ItHl P^ ucntliiifl hjr CD4KB u4 DUwk Ou« Im« UDd- 

PINELU'S ETCHINGS OF ITALIAN MANNERS AND COSTUME, Icelsdlu Ui 

BuBlfal, UiiulltU, ac, V7 PUIOt ImpvU: iw, hftlr-l»auiid Baroc«, lAi. rrnMt Uli 

PRICE ^SIR UVEDALE) ON THE PICTURESQUE in Sonirrud Uxdi.piOud». 

COSTUME; 



PUQIN'S ORNAMENTAL TIMBER GABLES, HiKUd hm 

IiltlududND.m.Ddi. Üu,1ia.ltfMt^-:)«i:u.tM. 

FUGIN'S EXAMPLES Or GOTHIC ARCHITECTURE, I 
mraiN'S GOTHIC ORNAMENTS. MllisiI<kUi.ilnwiioDSIu> 



^UOIN'S NEW WORK ON floriated ornament, «Hh M «HtH. ■t>1»dKII; 
RADCLIFFES NOBLE SCIENCE OF FOX-HUNTING, fci «»in.Qf«™tai.m, rdjul 

«.D„ Dnri, « tw.u.uui Wood Cui. =r Huinim. ai^oQii., Vc (Hi., u 11. L.J, ci<iä Jii, 
RETZSCH'S OUTU NES TO SCHILLER'S "FIGHT WITH THE 
RETZSCH'S ILLUSTRATIONS TO SCHILLER'S " FRIDOUN." Bml lU. udu: 
REYNOLDS' (SIR JOSHUA) GRAPHIC WORKS. ■» hniiHIW Si|imi<iip(Eon> 

REYNOLDS' (SIR JOSHUA) ^Lf^RARY ^O'"'*,^ ^J^",^« ."'S iSSi™'' 
ROBINSON'S RURAL ARCHITECTUREi 



^^ 




ROBINSON'S ORNAMENTAL VILLAS, I 

ROQINSON'S FARM B 

ROBINSON'S LODGES AND PARK ENTRANCES. II rum (pul.. « 



ROBINSONS «1'-'-*'?^ *,?SSaI^S!"l.^' 

(SON'S NEW yrrnuvius^BRiTANtjiousj ^^^JJj^l",".*^;," 



r*L VICTORIA GALLERY, MmprUlDü M 1 

tucKiseaau palacb. pu^iui» rmmm 



OATALOOOE OK SEW COOK3 



•HAKSPEARC PORTFOUO: t i>n>. ^ w Oii.ri.ic TM.i,iTuTin^ iAk Ih^m h 
pM, LBta, Mm. OorkojlJ Cil>,l,^c., h«uilfiülj ag^rmt fc» faiulran-^^^ 

SHAW AND BRIDOENS' DE9I0NS FOR FURNITUHE, «lib CuidMiMiu. 



SHAWV LUTON CHAPEL 



siLverni^ 



ikSStifSS^ 



lou by all riMbrick U^liUii. lilil!;.^«? 



IMrm^CC. J.I HISTORICAL AND UTERAHV CURIOSITIES. 

MJ'n*n«S°iSi™,^SSi°E«?'™""'^''"" '"""'^ L«n«.pr«.. ig 



SPORTSMAN? REPOWTORVi «wpridda i »tH,. -,! hlitlr Bokbid LI» (unHw. 
•eon.wmoii/Unl ^gilnnbr mi«;«". Ob^n. Ün^VK»"- "^ iJiüKr.im». 
HblvdbvftcamMebeuIra Ainlplloal^diaAttEhoraf Ibi^BrtOBh FleU SMflfc*-«««* 
«IvifCwpBrpiBtHtanainDifreuVHilCiitibr Aimtu Bad attafn (piiQ.iMl,lbli|i 

STORCR'S CATHEDRAL ANTiaUITIES OF ENCL^D^AND WAl£B. I o* 
STOTHARD'S MONUMENTAL EFFIGIES OF GREAT BRITAIN mt l.mWIr 



"■ffiTJS. 



DRESSES AND HA 



3 OF THE PEOPLE C 



NTiauiTlE! 



OF THE HORSE » 



TATTERSALL'S SPORTINQ AflCHITECrURE, ro 



ENauH» 



HIBTOFY Of THE FINE ARTS IN CHEAT BRITAIN. 



TDD^ ANNALS AND A 



laUITIES OF RAJ> 






'^^mc, 



OR. THK ctnWL I 
CALLX» luAgSli 1 

''w.fito n, ' y '" ft I 




s 



rcBLiSHED OR SOLD ST n. s. bohh. 

eiRTIN'S RIVER SCENERY; Kl«. x> huuami tiu>n.lnn on »11, 
■■or I. H. W. Tcuilk. tiUIUii InpniilDW, Id a IKnilUii, •Ith «niH* 

_^ER'S ANALYSIS OF BEAUTY IN WOMAN. Trtcticit,Ttt!iacUVitr iiat 

^,ai.au^^.)^[t,lauü'"\'." '""' " '• ' ■»"WA^.i, Avau Ij« 
WAUMLE« WOMpEMNECDOTES OF PAINTINC IN ENGLAND, »limom. 

In Kng t i B il, 'kJi Ncilm h) Dallawat^ h>v ]:iUüun, RdvlHd «Dd EblBTiml. hrlUuH 
WATTS'S KALMS AND^HYMNEL u.oikath Enninx, comp}«!!, Wim IsdRu» °r 

WHIBTON'S JOSEPHU3, ILLUSTflATED EDITION, cmiilfli; «mUlnlnt hnüi U> 
A^itiqahln uhI lbs Vara or tbe Jem, t f dIB' In», hudniiuvlr priDiaü, «nt<clUihBd vUh U 

«'S GUIDE, conulnlit dl* 

I MirUi, Id OH tx Dliunp« 



,P AI NTER B AN D O LAII EB.'B GUI DE, n 



MINIATURE PAINTER'S MANUAL. FdoIkip »d„ t iDloorcd I 

WIQHTWICK'S PALACE OF ARCHrTECTURE,iniimu»r>tAii>DiI lllaurr. I 
lUl Ko, U1U3II liluiInUaii, lUel PUIn, uid WdoIiiiiB (pub. itll. 11i.u.),clD>b, II 

WILD'S ARCHITECTURAL C 



WILLIAMS* VIEWS IN GREECE, u i—nun» Lib. Ep.T..iDii hr «<it.it. Hnii>imuiR, 
WINDSOR CASTLE AND ITS ENvmoNS, IHCLU01NC ^I2f1.'[ 1? bwÜSBI 
L ANTiautTIES AND RUINS OF PALMVBA AND 



jaatuwl |§istor0, glgrfculturr, Sfc. 

ANDREWS- FIQURES OF HEATHS. -tKh B.l«itiae DHCrtpllon.. 1 
irlUi»»l».qiin.lli™iPDr.dPl.l«lim1i..ilsi.l,tlolh,rtlt,7tm 

BARTON AND CABTLE'9 BRITISH FLORA MEDICA; 




lipHIUn. ThiBinmKlh.liiDc.Blci'iiiiDioiIj OnKbgl 
H. kl O. T, Lit, Bis., I»! S. T. BlvnPT. gH.| Cn 

teiDUnilli'calruil by SsnuY lfU\j, uH. fa.|, iIdUm )L 




^XJiLCGVE OF NEW BOOKS 



>• TNE COINAGE, OF GREAT BRITAIN AND ITB 

i£; -vL. 4U>^ U9 Pl«t*a. (pub. at «. 0..) eloCh« 41. U. |M 

'"■ * ■ "^ ,^ •■«•hjO: • !*"*•■ **' •• 0»APHic lLr.u8T&ATion, alter Dcrini \tr 

•'*^** -* :! .fvuld, Clint, Sc^ iMMtUUIr en|rr.T«dbrHeitlirdwBtK 

.• " .^*.^ svc*fc««i AnBJtronf , BoUi, mad otbcra (pob. at •<. Sc), la a caHb 

*^j^"^ ,.* «lO, 1/. If. 

* *' ^..ii2e'%$ DESIGNS FOR FURN ITURE, «Itb CandeUlum and bUrior 

.• **' ^iu u r a '"*^ *"■ *°"'** *» ^ J*->' batf-boumL uncut. II. ILi. id. m 

"^^ - "■ "*_ ^^, lapl. 4to, the PLttea coloured (pub. at 61. 6f.}, h^-bd., tucBt, S&Sk 

* "^"* ^ JHAPEU Iti Architecture and Ornament«, lUtutrated In a anlet of II 
^ ,, q, ,. ^TJ_^ si«nTlBff>, Imperial fuUo (pub. »t«. S*.), half morocco, aaeut, W. Ui. 



* jMIVCASAI. PALEOGRAPHY, or Fac-nlinlle« of the wrltinfo of twj 

> *^w ^ aeet lutheiitic Miuali and otner Intereatitiir Mnnuaeripta existlac In tbc 

' * ■»** 4ir* IttJ'^i Oermany. and England. Dv M. Sliveatre, containing upwards of 

^TTiel^anil'ol'y««*«"'**""-*'"»"«"! "" Copper and Stone, moat rlcblT IUubI- 

«> ', hM style oi art, 2 Tula, atlaa fullo. half morocco extra, Kilt edges, 31/. 1Ö«. 

- • •' '.'^Hiilor'caland DeacrlptlTO Letter-press by Champoliion, Flxeac, and CitiB* 

«eft iddJtIons ami corrections by Sir Frederick Madden. S vol», royal SfO, 

►• * ■ US» 

- • ' I'j^ Iff S vols, rov-al Sro, hf. mor. gilt edges (uniform with the folio voik), S/. Ii. 

,- J.' HISTORICAL AND LITERARY CURIOSITIES. Conaliting of 

_ i»> u inteiestlog Autoeraphs, Scenes of remarkable Historical Events and interesting 

1|^ """""x^tfrtTinjrs of Old tianaes. Illuminated and Missal Ornaments, Antiquities, kc 

A* ""^.Mtf lloPiatcs, S'.>me illuminated, with occasional Letter-presa. In I volume 4to, 

*. "tMl«^»i»"*» '^'*"** ** *•'• *••• 

'TlNCIENT COSTUME OF GREAT BRITAIN AND IRELAND. Fro« 

«"* . tee iMh Ccntnir, with Historlrai Illustrations, folio, with 62 coloured plates illu- 

. '^ ,iih gold and sQver, and hifhly finiahed (pub. at 10/. lOf.) half bound, morocco, 



.««MANS REPOSITORY; comprlsln» a Series of hlirhly finUhed Line Engraving«. 
— ^^TBSt the Horse and the DOir, in all their varieties, by the celebrated engraver JoB> 
,r**KJofHfl»«l paintlun by Reinajcle. Gilpin, Stnbbs, Cooper, and Landsecr, aceoB- 
■'*''•" *ra comprehensive Description hy the Author of the •• British Field Spiirta," 4to, with 
«ti^^jMer rutes, and aomeroui Wood Cuu by Burnett and others (pub. at 2L I2t, 6tU), 

tl^CATHEORAL ANTIQUITIES OF ENGLAND AND WALES. 4 vols. 
JfllWyl M6 engraving« (pub. at 7/. I<f'.)i half morocco. 2/. 12. dd. 

'*^AII0'S MONUMENTAL EFFIGIES OF GREAT BRITAIN, ur beautlfliHy 

•fi('TT*S'«trblws. all of which ar<> more or less tinted, and some of them highly illnminatetl in 

fjddeolours. «ith Hist jricai Descriptions and Introduction, by Kbxjpe. Folio (pub. at 

**» |5f ■''*^""'"**« *"'■ *'• 

*'^rrS SYLVA BRITANNICA ET S'OTICA; or, Portraits of Forest Trees, dlstia- 
aX tfl-j ag their AntU^ui:«, Magnitude, or Beauty, comprising öo very large and higbly-finiahed 
'^-""^i etching*. imr<nal foao ipub. at W.'J».), half morocco extra, gilt edges, 4/. 10*. 

183S 



DRESSES AND HABITS OF THE PEOPLE OF ENGLAND, from 



rfw? 




JflTS REGAL AND ECCLESIASTICAL ANTIQUITIES OF ENGLAND- 
4Hl|ria|t the iu\'«»i aulhentU* KeiircseniA'.i^^ns of all the_ En^iiah Mouarcbs Arom Edward tlie 



H* Hearv the Klthth: u*geiher with ni.iny of the Oreat Personages that were emi- 
i^gHdrr ihtrir se«tfr«I Keiir-i». New and prratJy improved Edition, by J. H. Plakcii^. 
K.f.K..\. Rtv«! i:>\ 73 Plate«, cloth. -.'.'. 2«. The Plates coloured, ii. it. Si.!endidiy 
Qmw4. ttni(l>i:» with the Presse«, 12.. i:!j. 1842 

^ft ANATOMY OF THE HORSE. 24 ftne large Copper-plate Engravings. Impc- 
IB» (p«b. at «*. 4« U luxinU, leather I>ack, U. 1 1«. Cd. 






HC 

I 
i 



^gMMMl cdltlMi ofth» Sue old woik, which Is indispensable to artists. It has long been 
'■*^rar». 

LLS SPORTING ARCHITECTURE, romprisinc the SniJ Farm, the Stall, 
IM Keiinel. Race ittnd*. &c. « ith 43 hoiuitiAil steel and wood iilnstrstions. soveral 
!•»• ctoUi gUl (pub. at U. Uf, <k/.), I.'. U. 1854 

HISTORY OF THE FINE ARTS IN GREAT BRITAIN, s vols, po«: 
Wli tpA. at II. It. I, cloth, 7«. Cd. \s i ^ 

^ tlnr •rite atota of modcra %n.*'—Viüted Statet* Gazette. 
LA AND ANTIQUrnES OF RAJASTHAN: OR, thf central 

ff* SÄWV'^T"^» ^^ IXDirCOMMONLY CALLED RAJPOai^ 
Iwt CMmitl J. ToD, Imperil! <:o. emhellUhed with above 28 cxrrcmelv beailt!- 
.\fe«i^ FISDBV, aad capital !ar.-e foldii^ map [U. 14«. W.), cloih, un. itef 



PUBLISHED OH SOLD BT B 




HOOKER'S BOTANICM. MIBCELXANY;^«j^iUubEn(ai..uid Uru^pUniorPlin^ 

I^äSci/NBHni'JmniilHiDirUn, ÜkIMIp» jmy •iluiUi Cnnimnli^ii. 1,^'dliul 
(oltbid 9i^EnU>[ Tr...ltm» CompW» IB J ÄL* nU. n>r^ tnt, •1U> lu pairt, mint «"•: 



HUrSH ON BEES;i 












JOHNSON'S DICTIONARY OF MODERN OAROEMNQ, «1 






'&. Ic ig. iM^'t^' kiiriwiiid. TTHi msioDcii, A' ' 
It's NATURAL HISTORY OF THE BIRU 



Of NEW 



UNOLEVS BRFTISH fHUITSj OI^^FIOl 



LIND LET'S CHGITALIUM 






LOUDON'S IMRS.) ENTERTAININQ NATURALIST, M^g Pnpalir DniriFKia, 
H — -oFirf. T_-__-_ „i D_j — '»^ .. 1 B~^,i.. Mhh, u EkMuoIIpD Ol Ttnu.ud u Ap- 

ET nrimemn* brftannicum. 



LOUDON« (J. I 



r nrimemn* brftannicum, « 

i*rclfn, deUIWBicd«luld''Hilbiid^irtüi Uolt pH 



1 



!• 



CAYMMJOGum or 3 




OONOVAIf S NATURAL HISTDirV OF THE INSECTS OF. INDIA. 

yah. ae «L fcf , c&j«, «Et. iiiwil •• iL '. 





OONOVANS NATURAL HISTORY OF THE INSECTS OF GHMA. 

J. Ol^ _ ... __ .-_ 

• Daw«u*B «wks «• Ar (sMCtt «< Lhiä 
#iL"— 3"i 

DONOVANS WORKSON BRI TISH NA TURAL HCT ORY. 

••»arstclr. 

DOVLE7S CVCLOKDIA OF PRACTICAL HUSBANDRY, a^ 
Onf.tsl,3em Zd:äm, Emiasftd, thick Hm^ «tt 71 





IB 

Utt 



AsyoTAe 



OftURYS ILLUSTRATIONS OF RMEiGN ENTOMOLOGY; -—"r-r,:^::r"r: 
•yvarda of 4M csBiie IbmiIi, «T ike E«l aai Vc*t latica, CUm. Tfew Hvllwi, HovthMrf 
Scatk Affic», Oetmamf, kc. By J. O. Wisrvoon, Es«^ FI. Si ffiuiiiiT ^ *■* ■■inain 
: Sodctr, fee S ««is «i^ U* Ptaica, bimK b ca aüf n Uy cakruvi. twmiali above •■§ 
•riMccts(erf|iMll7p«k^ at ULUiL),kalfhowiaancn, •<•>*-•<• US7 



EVELYNS SYLVA AND TERRA. A nanrnn« «T f)araat Amb, a^ ft» ri opwitfwi «f 
Tbabcr, a PkOoMpbla] DCkowic aTtka Eank: witt LtfraTike AoAar.aai KoCaa bj Dr. A. 
Hoatar, a «alk royal tto. Fifth teprorad Eifcio^ vitk «ft Platca (pnA. at SL Sa.), datk. IL 



FiTZROY AND DARWIN.— ZOOLOGY OF THE VOYAGE IN THE BEAGLE. 

, 3 veih royal «a. (pabu at M.), datk, U. Ja. 



QREVILLES CRYPTOGAMIC FLORA, 

Britaia. ladw ~ 

••• baatfifUly 



Britaia. ladwiva af aU tba Kev Spartca' roecally « 

Platca (pah. aiMI. Mi^)« kair 



ttdity-alz 



Work la haeli; 




It ii «aa ar tha 
i la tUa oaaatiy. 

HARDWICKE AND GRAY^ INDIAN ZOOLOGY. 

royal taOo, MS ea ! a — ai pialaa (pak. ai KL), aawad. UL 



HARRISS AUREUAN; OR ENGLISH MOTHS AND BUTTERFLIE S, Tkair 
Katoral HIrtonr, Uwadiar with the Plaata oa «hldi tficy Cead: Vc« aad «Rally UuFim ai. 
Bdlttaa,li>rJ. O. wkanraoD. Ba«., F.LA, fee., ia 1 roL «u lila. «Uh 44 A^taa, aaaWMac 

i nf Motha. Batterflic», CatarpUlan. kc, aad diaPlaata aa wUeh tkagr Im; 

■aa aHar»« erigiaal drawiasa, halPboaad auxaeea, 4L 4h WM 



abara 4M icuiaa i 
aaqalallaly caloi 



ii tha oaly oae «hkh 
:■ all thak chaafM of CataipIllBr, 



kc« wilk 



f CBLI3HED OS SOLD BT B. S. BOHX. 



SWAINSON'S EXOTIC CONCHOUOCYr oil, TiouttBB AMD DEicB^Fnom . 
buuiUuJiT eolDimi acuii or BkiUh b^bsuid BDt. am •!!« ijinb. uU.ui,i£iu.id. 
SWAIN90N'S ZOOLOGICAL ILLUSTRATIONS; 0% 

GESCRirTIDNS OF »BVf, kXE, Ott IBtaiÜiTlgi 
IiaOL Ott OlAum ot OnllbDlQjrri KDlDmnlEwj, ud Concboldi 
111 OiL^ cclaund ^Jal« (pab. u UL« ;i>r.Ji ZdJ/bonBdiBDnHC 



1 



SWEETS CISTINE«; ob, n 



itliscEllanfous fiEngiisfi 3LilEtHture, 



i 

■JWOON'S WORKS, kMl^En|lüh.^d^L.U^.^ pü'mJÜ un"«'!S!»?')^."tI* 
BACON'S ESSAYS AND ADVANCEMENT OF LEARNING, <Hlb Krni. 
BANCROFTS HISTORY OF THE UNITED STATES, from ib. Dl« 
BATTLES OF THE BRITISH NAVY, troin *.^I«» w mo, Br Jo™ 




i 



nu. "—iKilrd Jtmitn 0m:4ttl, 
{OEREn^S, THE TABLE BOOK, «i □il»«Iiiin of U» L«^ Klilomnd BaHanM M 

BOSWELL'S UFE OF DH, JOHNSON^ BY THE RIGHT HON. J. C. CROKER. 

KsTBDUB, ETKK(bT<a,uHlDiü«n, 10 »oli. umo, lltDiLjiilvd bg «pwAj^ efBO VJinLFar- 
1iKlIi.uilHhHUarAutatii)ibi.aDe]ytOEnT«daBSL«l, tnm l>nwlDii by Uuflebj, Hkrd- 

TiEi iww.lDipnvfd.iuid irrntly nlarnd «dUlf», tMuUTblty piliilcd In Um ycrfühj Ibrai ol 
rHfommeudnLlDDiiFar tliH Ana rwct^d la Uifl ■opplevintuyrDlumHorikfli^rnnlMI- 

eOURRIENNEG MEMOIRS OF NAPOLEON, <»• itimt, cioiily. bui Dtii|utl> vdnlid 
IH POETS, CABINET EDITION, c. 



Ulf Iha crmnlel« vori» or Ibt ptIkIhI __ 



It 



CJkXALOGOKOr 




- . ^. . mlkwnrwmb- 

»D ll i M ■i nrrt >»*lg(yt>.«t«gC),tM. ' 
■Mr ftr «tttvaiy. Oifr fHiy o^ifaa oC Ifat 



SOTHORPS FlXMliE OIULCM PliOOIIOMU& 

%aas iB ri w hi .■ ■■* laaaS* GcMtae Ipniiit Job. Surao: 



J AC Sari Smxxh. 





p: CkanctefM M Sjaoornui 
IB S MA Tds tv0 (pub. at 
~ U16 



totlie 

li«liiehtha 

ipjö the pvcMDt tiaic. 



SOWERBYS MANUAL OF 00IICI10iX>GV. 

i«y Cte OiiaiBffc-mri » ClnflMlnl ^ hu fc lh» itmek; Tiikiüv Tievs of tte Sjttems of 

«iiluvc« aad iHfvov«!, «tl^ MBiNM WoaAc^i IB tk« tni^ MV loCaMtd, tvok elotk. 18>. 
Ttep:atHM£mi,cMk,li:i*L ^^ ^^^W« 

S^'*^?T^9D'*CHOIjOGICAL ILLUSTRATIONS; OB, COUyWD FIOUSBS 



SPRTS BRITISH COLEOPTERA DELINEATED; 
ottUÜ ~ 



DsMriptioBB 



:aU tte 0«Mn of Bitt* BMtlcii, cdllid ky SavcKAKOv «vo, «tth M BlaftM, eoaariaii« «8S 
"TW —t pAct wart wt iwkHJwi la this rftf rt»i Juif BdlMi iTBtuMiiriy.*' 

M eoloocd PtalM (pBhb at til.), 
Mr. LuuMPiUA. 4 »A. 4L 4t. CouormA, f Tail. «L «i. 



1^1 



rCBLlsaES OR BOI.3 BT a. O. BOnN. 



ITTEnrON-S WORKS, hom Pnu^u 

^■•la; bes. (pail.« Uk)', •M1^ H. Lufa 



kftilDiE liBiDDrlklhf DpitiL iGe Puf ma af Omhancn.'* 
ClARKES^iOR.^E. D.) TRAVELS (N VARIOUS COUNTRIES OF EUROPE, 
C4-MStOTALES,^O.MnMMiUDti™prfri«^tt»^yicKiiiw,»i(i,u eilwMlfc» 

COHAN'S (GEORGE) POETICAL WORKS. ™i^]g *^ B"" a""- »•«■tI". mS 
COOPERS £J. F.) HISTORY OF THE NAVY OF THE UNITED STATES OF 

COPUEVS tFORMEHLY MRS. HEWLETT) HISTOBY^OF SLAVERY AND ITS 

ClutlOD (pnb.ilv,J,clulb.I-.«!l, ' ' UM 

COSTELLO'S SPECIMENS OF THE EARLY FRENCH POETRY, IniiT. Ifat (Udi of 

COWPERS COMPLETE WORKS. EOITEO BY SOUTHEY; «mprlilxi I'l-^;;;"^ 

CRAWFURD'S (JJ EMBASSY TO 31AM AND COCHIN-CHINA. 1 "!■■ "^ 

CHAWFUBD'^EMBAMY TO AVA, «llh •" *PJ'°^ "' Foull BhiuJm Inrrteftm 
^Clujii. I -pU. i™, -Hb 11 Mipi, I'll«., «ua pu .111.11.. ,B^ 

CaUIKSHANK'S THREE COURSES AND^A^^OESSERTV^ i£S?l."»lS^ 'S! 

DAVIS'S SKETCHES OF CHINA. Duiliiu laliM loaimi al Fon HoDlti; 

□ IBDIN'S BIBLIOMANIA: OK BOOK-MADNESS. ^ Blb1larip1ik.l Bmnii 
E4lllPih wllk caniUniilili AiUIUoia. iHloJJn« ■ K« u IH uiinxl Cbuuun 
v^Unu. Bu?Ef ^i^ V D»^in'!^d>i'}pub. ii itX'i, ciiia,'5. lu. u. il^ 
bfariU ng, «rwUltt «Ilj mj b< «put nn prinWI (pub. H fl. H.J, ElgUi, II. Ili, 
Till uiihnUHl Wait, nkM ullv Hw ulirtalniu« al > raicmn Mlb Ibi soU < 
bdaciuUDi (H all UhUdfripblcU ■•hmu, bH lang baaa i*r|r Hiiiia isd a 

OIBDIN-S „(CHARLES} SONCS, AdaUi.»; aJUlDii, in^lau, «Icb m Utsoli hr T. 

DOMESTIC roOKERY. jvi I^^(Hn- Kirniul B» Edlthi, .tin nunaiau. addJIUa.! 
HAKSPEARE^ND HIS Tl"^ bntaAlBt tta Blntnphr «I Uc PW. 
ii.41a|«h«*vl4H paRHl, vtat Pdi Parintl ud a FlKa dT AulDcnpiu rpkb. al 

lb, u. K. nTr 

"jLmumJrpradnrlbfD.lhi puhlkallaadf «hich vül/onnHiparhlBL' 
W Bf <l|l_PtmpffJ. U acBpriaef alH ■ eoraplau aid vriUaaJ «iwlyWi bI 



r 



-. e CATALOOITB or IKW BOOKS 

Otaueat cause» CELEBRES, ob, iuusuble tsuu. ■«>« mh tr^ 

Mfcl. III! l llwii H. fc 5m 

nCUHNOS WORKS, EHTED BY ROSCOE. COMPLETE in on VOLDM. 
{Ka lamt, Awll^ JnHkD wilt Ji»b* ladrrw^ rUn, Eon, »4 HbnllKI«.) 
MMtaamiTUnaflulPlUBkiCiiiiiuiiiri .pil>.iiu.«.).c£«kiili,UL IM 

-or in im >iiTkl itfaiHlaMlu UiUdEuUUrinl~>>uilnB ntain. »• «HI)» I( 

rasTEirS ES9A<ra on PECHMN of character-, m Um-. wri>i>gl>><»ln 

»ii h Mj M aiBI .SS^ E.tfM< Im tri»..*."-«. J»;. lfa^.JI5. ""°" 
fOSTER3 ESSAY ON THE EVILS OF POPULAR IGNORANCE. KnEdlUon, 



r EM GLAND,. FRANCE. AND SPAIN, ftl 
FROtSSART. <U-UMINATeO ILLUSTRATIONS OF, It plu«. pilaud li ! 



GAZETTEER.— NEW EDINBURGH UNIVERSAL GAZETTEER. UID GSOOKA- 

FaiCAL DICnORABY, BDn «nUcU Ihsi ur NIUiId putUlbri. Kn EdWDlt. IC>UM 
aA«nrMi4H a> pnMKUmf, I» Jsi» ThJuk» isaiursf Ue CHHr«l.(liäi,lic.), 



GELLS (SIR WILUAM) TOPOGRAPHY OF ROME AND ITS VICINmr. A> 

^rnmi KltUtt, napltH la I IM. m, aU Hnnl PUUl eliU, Ui. WUb i iht tin* 
KÜ al Rd^ mödlb KwrkDulft^B a Boat CBiaful 1jl|aaaiBalrbAlHintr>4 Bawled Badalk, 




OILUES- ., , ., 

Bauui oftba Onpal, InolDdlm lUr ApiwikUk «pd Bupiflri 

l&iiuku lix »• Baril! BiniJ.li, nj^lni llAb. u u>. ^r. d 
OLEIO« MEMOIRS OF WARREN HASTtNCS, bd 

TpiB.t*e,aD«rDrijkurTDb.mi^i<.),ciDai,iv. II. 
GOTTHrS FAUST, PART 




B BOLD BT a. G. BÖHM. 



GORTON'S BPOGRAPKICAL DICTIONARY, ) 
GRANVILLES (DR.) SPAS OF ENGLAND •»! 



HEEnEN| [PROFESSOR) HISTDRICAL WORKS, tniil.ted ft».n il» G 



HEER EN'S HISTORICAL RESEA RONES JKTaTHE POLITICS, INTERCOURSE, 

Kihlagilvia, utd £jrypUuu. Nh« EdJHon, cwiDEtdd l&nniBhn'ut, vfUi u iDdn, Uh dI Hia 
AnUnr, new Appuälxu, ud vibr AddMoBi . Coupl«!* 1m 1 loL Itn, dotb, I6ib UM 

HEEREN'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 

Aim THAUlB OF THE ANCIKMt VATIOKS OP AIUl i«ls4A Uli rinlui, HS! 
•ot>. l^n, iteiuUT pftni'd lmi)>- nrMnillr li II. u.). clolb, IL <i. ' IM« 




JACOB'S HisTonrcAL inwjiryjnto the production and con- 

JAHESS WILLJ^AM the THIRD, cdntirUni Ibi HISiiTT °J hH Udm. niu«nl>d in I 

JAEN I SON'S CHESS PRECEPTOR; mgnAnilrriiariionadiiiiDiaui»: muiUi^ 

WNSDN-S [DR.1 ENOLtSH DICTIONARV, prtnlil wtiUln dm. Ibe A'llkDr'i bB 
=^..._ >.,„.. ^ ■"■■'■ -"-MSMiiiplMlh foil. TmTilcll an JinfliöJ • llMnir M Hi« L«n- 

.) UFE AND WORKS, hrKUKTRT. Hn »<d Hopcorid BiUBi», ran- 




r 



[S 



CATALOADK OP WEW BOOKS 



MHNtTON« TRAVEtS JN SOUTHERN *f,'"5IJ"*'u'";^iJ[; ^^p •'**' 
KIRBTS WpNDtWUL^USEIJM. ■ -.ii. •«, ui~b* <tf m «Wni inl it b< 
KNIOHTS JOURNEY^OKS OF ENOLAND. nSBUKIBE.LocluiUviihn Dncd» 

bÜ^ihIRI, luladbw U> lila <ir wicht, wuk n Esfn'iun en Wwi, 4vl i m» U» 
f>naisa8U&vnaiii!iMaik>Fnk,ta. with a Eiir»ii(i » void, ud * jutt iiiingi 

KIMT. «^HB°Ü»-UwoiiWi]i>d.uili'lu(>11luiDUiU»lUip. Bwliiiid u u. UL 

KHOWLK'S WfKlVED WALKED'S PHONOUNCtN« DtCTIONAnV. cmiUiM 

lataUM rnw HmiH. hw CiDUan, la 1 UiliU luiidHUH «iliiBi. lu|t> iid. allk Finnl 

eM(un««i[fiib.ui^u.l,Ti.u. I» 



LANE^ KORAN, ECLECTIOMS f ROM THE. »Hh ■■ I 



VMi > H17 Ih^ Ni 



I 



LEAKEIS (coy TRAVELS m THE^ WOREA. 

LEWIS'S (MONK) UFE AMD CORRESPOKDENCE. Klib n|u> Finn li Fi«t »1 

LISTER'S Ure OF ^W*M>^ ™^, ^b*""" °^ CLARENDON. «10. DrMh^ 

LOCKHARTS HKTOR^OF'THE CONOUESTOF MEXICO AND NEW SPAIN, 

pllHUt BflvaO, thli nuh liiH,«Ulir d'MUli, Hh! <uph unualh^ iaa%, aad yrl » pwdoublB 
4 HtSTORY. BIOGRAPHY, 



MACOREQOR'S PROORESS OF AMERICA FROM THE DISCOVBtV BY 

"■■ -""■— — -u. nu HWO, eampiUilag ]u Hüluij and awjiija, I muitibli Uck 

OIR OF CENTRAL INDIA. Tm laii. IID, lUid «IHn, i«li iM 
MARTIN'S IMONTGONIERY) BRITISH COLONIAL LIBRARY; rocmlu iw^n 
ttnoiT^.l'hfalufbnwnipllT^OFalDVT— CHmnV^nln«], Tqpulilt, 'vul HlngraJ Kli«- 
KallMu-raililUliI, »hm ua Coiniii 

»>ft»j, »F™Ä^fc™. - - - 




■ FCBLISHED OR SOLD BT E. O. BOHK. i9 

WMRTIN'S "IIOIIITGOMERY)CHINA, FnlLUuJ, CmuucU, ud SiadiL Tn ni:i. 

MAXWELL'S UFE OF THE DUKE OF WELLINGTON. ■ tud»n. •«I<un>h Ko 
SsUlUdal iriUii^iviiUAlf-aiilWad LU^Suixlui hj Cuoru uj «her aiiinit 
Uttau, «uimiw a( Baal»- Abu PcMnlu, HlOluy Pliiu ud H>ei| bulita a iml 

MILL'S ELEMENTS OF POLTHCAL ECONOMY, i» KiUiax. nilHd ud "n*"^ 

MILTON'S woiiKs, ^°'^"uj'.595^„*[|2,E2f^i,'^,'n,Sf " ''"^SJJf^ ""'«J 

MITFORDS HISTORY OF GREEC^ BV LORD REDESDALE, ib> ctuDnolwior. 
Tn«-Hitrk1«dci]ffliiti>,fayCLAiiKil.'Vf-4i. 
iHta. «MUH ■-"-■-'-- f"*""- -■ 

^iHlHÜlXll 



r tb fau4HBHt, Ob bdA EnrÄet, apd di* IlHHH■^■l■■ 



HONSTRELETS C"5pNI^S^,°f„^„\^,1JSe^''J) FRANCE, ir Coioiwi 
MOORE'S (THOMAS) EPICUREAN, A TALE; AND ALCIPHRON, A POEM. 
HÖRE'S UTOPIA, OR. THE HAPPY R_^EPUBUC. .__niioi»Djic^R«Mi.Mi u Ala 

NELSON'S LETTERS AND DISPATCHES, b, a, II.uu NicoLu, 7 <b1i. m <nb. 
NIEOUHR'S HISTORY OF ROME ■riloml.ej, .111, clirM0l=«k.l T.bl« ud u Af- 



OSSIAN S POEMS, l«inlBrt »1 K.cr.fMO«. .lU. Dl>un.u«<i unrnalhi IS. In ud 
OUSELEVS Ä''lJiK!J;yA'(LX",?BXtR^.''^Hi^if"'°"5.,'^''*^ """"^ 



ffiCFORD ENQUSH PRIZE ESSAYS, m EdJUoi, »mal 
PARDOE'S (MISS) CITY OF THE MAGYAR, 0> Bnnitur mtd h> 

„ . .„,. m.. d.i. ■!..».>„.« I..nn ., 11 II. ■.!.], gilt tlod, I«. U 




1*0 CATALOGrii OF NEU' BOOKS 

POPULAR ERRORS EXPLAINED AND ILLUSTRATED. Bt Jon Tdcu (AoUior 

r U.i.b..->. «»J J J:tuf «7 Ü.C •' r.luvtrjtni Lundun hcwi/'j thick fcap. Ito, cUm^j but 

w.rtAM.} |.ruiuil. fi -: '.»p.trr. c;i>!fc. rrduiril tv ji. Hjl 

PR'ORS LIFE OF EDMUND BURKE, wi'i. nnpoUiihed Si>eciiBai of Ui Piwtry and 
: «f.r-i. 1 a.rJ .lid Riwb UHppiTcJ LdiUuD, kro, Purtnit mod Antoffrapbi (psb. u Ui.}, idlt 

'•• «.A.e..ei.t firtljir, i« |i«ij.lcuoM auJ forcible lanpiuire."— QiuKrrfy Rmiem. 
PRIORS UFE OF OUVER COLDSMITH. from « raiietj of Origiiul Soun», » »oU. 8to, 

t *•»!%.•!»•.* V.ll tl J ipub. at K. IW.J, ».-»11 Cilltll, IS». IS3; 

■• I !.r .- .4 ••jr:.-. o: tJtii bid(rn|ifax coiuiati in the Buny itrikinc «nacdotet vbieb Mr. Prior 
I '.f c«: rrrii lo t'lr ruüiMf of I'» anxiuu« rrsearchcB aoiunjr Goiuiiniitfa't iiirTlvinir acquamt- 
i •■*■. auJ the iiiiu;cilUie de»ceadaiiti wf hit penuuaJ frieiMU in London, uA rclaibu» in 
Ir *i.d, «hove I.:. I" »M "f'« »n»«» "f »'»•' P'H'is uwn familiar letters, Whicli be has been 
r .4-i:ed I» >inii r t>wrtiK-r for the ürit lime. Nu poet'a letlcn ia th« world, not cren tboie of 
I • 'ti, *}',.f4i : • i:» «Hurt lnl«i«»llMR."— </««rtrr/jf Rrvute. 




RiCHS BABYLON AND PERSEPOUS, rix. NarraUve of a Journey to the Site of 
lUr».'.'i. Two Miiiii.I« Kii the Uuii«; Remarkt on the Topojrraphy of Ancient Bahvlo^ hr 
Ma t K».s>».li ; Naridtn* «f a Juuraer to PeneiiolU, with hitherto uupubliahed Cuneifonn 
li.w»rii.iwu* »*.^Map»aiidl'laUiipul..alW.l.J,cloth,lo#.(k/. * S«mcSi,iS 

RITSONS VARIOUS WORKS AND METRICAL ROMANCES, as PubUahe'd bv 




p«^«: »w .yUB. Am. M.9U.-, c>vu gi.w «>. ai. 18U7-33 

Or ieimfHteiy -ujAiatca : 

KITSCN'S IIO.-.IS HÜ».*f>. a C'.-.Iecnaii «f Anciuat Poema. Soa^a, and Ballada, reUUve to that 

<.K.: ..-4.«a Oiii.a« . «iiii U>i>irica; .kaeciluciai uf ]i.» La«. 2 voia. lOi. 
X. 'v.'N » AN.VkLi Oi/ TUS CALJID02«I.\NS, IM CIS, .V^D SCOTS. »Tola. ISi. 

k: •.■»•.• NS vhHCJris OK riia c:iLTS t.-ii gaui.j. hj.. 

H 1 ! >«.•> S A N ■,' : i. S r »C >■ «J* AN y B.\ uL.\13A, -■ r-)* IHc. 

•:: rÄ>N» fiKCÄJ* OK ASCissT i'cPCL.va polthy. p-Mt iv.). :t. 

f I'SON'S FAISY TaLü:.^ auw ant iiuiiwtad , vj azucu ore :>nd::!:a t».j Dl3a«rtaüoa»_l Ob 
V.tm^*. 3. ÜB Fair:<i, ««. 

KIT.NO.N-8 LIFE AND LEITEBS OP JOSEPH RITSOX. £.4.*. ^t,.^ fpiai Ori^inali ia tho 

I-.:^iwafeii>n iif bis Nephe», by Sia Hiaazs >icolas. 1 »o j. '..«. ^^nifu»*« w ino 

" No library can l)e called coaplot« in oUl EnxLuli l-.rc. woich äiu not Ui« «hota of the nm_ 

aiKtionii of Ihls Uborioui aiid iuccefafiil ar.ti.iuar%-."-.<i i^uMM. "" '°* P"* 

•' Jowph Rltinn was an antiquary of the Grat order."— <^Mcrtcnf JZeci««;. 

ROBINSON CRUSOE. Cabinet Pictorial Edition, InclJdic,- hu F..rth« .VJreaiur«. with 
I \fr iir IH?fi»e, Äc. upward! of 60 line \SoodLuis. from Design» by H.kATBr. fean. Äto New 
..imI Inipn.tH Edition, with additional cuu, cloth gUt, i,. ' ' ^' "**** ^^* ^. 

I'lir iiiilv small rdilion «hich is quite complete. **" 

'• IN rhsp» tlicrc f xiht» nn work, either nf inatructioa or cateruinment, «a the Eairlish laa- 
r-iiTP «hk-h hss hrrn mor^ generally read, or more deserred^y ai!xii;riNl. täaa the Life and 
A<iM nnirr» of Uobinso;» Cr isoc."— &r WaUtr Scott, **"" "^ 

ffODNEVS vLORD. LIFE, l-y Ll«ut.-Gen. Mükdt, New Edition, firap. »to, Portimit. cloth 
t* •!* . «I tv.\, :u. üd, 

f^^LLlNt» ANCIENT HISTORY, a New and complete EdlUon, with enzraved Frootlasleces 

••r<i : Maps. S vdIi. Itound in 1 btuut handsome vol. royal Sto (pnb. at I.', u. i, cloth, 13a; I84i 

'i>r rtnlv romplrte mlltlon in a compact form; it is unifbra in size and appearance with 

V.-«ri> j>«i{i>ii of DramatUU, &c. The prnTious cditioua of iloi:iu in a aiE^r.« voiuaie arc 

rn>.M;\ nKiidfred, and contain scarcely hair the work. 

I705COE8 LIFE AND PONTIFICATE OF LEO THE TENTH. Xewawlmnch 
i-;>r»vfti iMlltlon, cdite«! by bii Son, 1 ikimar koscur. Complete in I stout vol. 8vo, closely 
I 111 y^w handsomely printed, illustrated by 3 fine Portraits, and nuaieruus llli^^tradv« En- 
t-ryy 'ny*, as head and lail-piecaa, cloth, 1/. 4«. IjU 

ffOSCOE« LIFE OF LORENZO DE MEDICI, CALLED "THE MAGNIFICENT." 

V| T« !tnd mtii-ii improved Edition, edited by his Son, Thomas Rokcok. Complete L'l 1 stout 

-. !. >\<^. i'h>"<'ly hilt very handsomely printed, Illiutrated by numerous En^ravinss.utruduceil 

n\ \nA and lall-picces, clulh. 12«. 1^4- 

•■ I hnn» not terms sufficient to ezpreaa my admiration of Mr. Roscoe's irvniiis and erudition 

fk- rt«- irmltlMdt for the amusement and infonnaiion 1 hnv» received. I remaimend l:iit UI>ours 

t, rtrr rMinlry as works of unquestionable geidus and unronunon merit. Thcv add ti>e name of 

1|MMf> IA the fcrr first rank ot Enf Ihih Classical Historians."— J/«/Mm«, FunuUnitfUterature 

■ S wrW i"t I inlnk, by far th« best uf our HistoriHiis, iMith for heautv of atyle ai.d fbr deei> 

■iJÜMMj Ud hit traoalatlooa of poaliyare euual lo the urljflnals.' - jf'a/>«te, Earlttf O/furd. 

^fckVf ?f^'"°A'^^..^t*'STORICAL AND CRmCAL. of the Life of 
HwlieL vHh an Appendix of Oridmal Tioruments. «vo, Portrait of l.oiwnzo. acJ 
, al lU.), boAnU. 7«., or in 4to, »rlutmd. to match tiw oriclBat cdJlioa. Portrait 
Mb. at i/. II«. C). hnarda, !«)>. 
WlMM i« nppIrn«Biai7 to all «dUloua of the work. 



I 



PCßLlBEKD on SOLD BT H. G. BOBH. i 

lURQHE BALLADS, edJM by Ikkh Pii» Col,l.lia. ml HAbnulUullrpriE 
WjLITIlKQh.il'p uid emhillUlwI vilh X (oilou VDodCul«, hklf beiukd DLOinxv, Id ' 
it(arih'lTl*{pak-UU.b.j, IXu I 

WALTER) POETICAL WORKS. CDhUlniif Li; oT the Lul HlnHi 
ji^fljniinu» ,-MiJ of Ui* LakF. Oan Aodnlc, Uo^lvy, BaJIwU, L]<ljGt. and Born with Ho 
mndatlf'afth« AnlbDt.eamplaU io Ob* *l«ruüf pltblcd IbL LIDIO, ForlnU vd fjDD 
piBDi (j>Dh. At li.l, elolli. Ii. u ■ 

QEtuwlal Sdimk, and UIiIdtIekI Dt^ila ol «rb ^l>^ , be lA T«l>. f^d?- IIDt »Ilk If I Pli 
BDfnnd dfi ftucl ARn dnl^a of U]B mcBl dlBiistubhrd ErIUvh Anlft#,fllH Fac-^vU« 

SHAKSPEARE'S PLAYS AND POEIMS. In l «1. fa, .Wi Bip!u>U>I Hoi«, u 






SHAKSPEARE'S PLA1 
SHERlOAN-5 (THE H 



RINSLEV) SPEECHES (Hh I 1 



CMt). ndlhi IM •din« (HoKikinH no Ourlckli inl 
bm mUn (Ol bninu B>(IM Blind] i'<"°o»>>« »'>' 
•"tF*.??^!« AND DISASTERS AT SM ! 



ifligruUo«. Kntl^e«» Ac. Eampriiiiu ibi 



i".f^ 



»T.^PIEBHE'S WORKS, li 
SWIFTS WORKS, BUM I 



.) HISTORY OF THE UNlVERSfTT o 



TTTLER'S ELEMENTS OF GUIERAL HrSTORY, r 

ctdHly pTlDiadpa|B<}iaU<JinaÜfpl««{pLdi.«h.jBlnUI,>f. 



CHRONOLOaiCALLY ARRANCED. c 



32 CATALOGUE OF NEW BOOKS 

* ' ^■«^i^.jf ■ 

WATER8TQN3 CYCLOP>CDIA OF COMMERCE. MERCANTILS.LJLW.FIHAVCE. 
OOMMBiroiAL. OBOORAPHY AND NAV10A nON. Ne« Sttlen, iMtadlMillw He« 
TarMr (ooinpl««« to the jmMRt tfane) ; the French Tariff, as ftir as It concaral thb owintry; 
•nd a TraallM on the rrlnciplci, Practice, and HUtorjr of Commere«! by J. R. M*Cvlloch. 



1 vorj thick doaalj printmi toL Svo (9M pagaa), with 4 Maps (pub. at U.U,), man «loth, 
l««.6i<. 1847 

**11iia capita! work will b« found a most Taluabl« maaual to «rety co — w da l sua, and a 
VMltal book to tih« genaral readar. 

WEBSTER'S ENLARGED DICTIONARY OF THE ENGLISH LANGUAGE, 
Containlac the whole of the former editlone, and large addltiona» to wblch la prallxed aa Ivtro- 
duetorj Duaertatton on the connection of the lancuacee of Weetam Ada and Baropef edit«! 
\f CKAtrvcBT A. OooDUCH, In one thick elegantty prtntod TOloaM, 4to^ deti^ tt, U, (Tbe 
most eompleto dietionary extant) . IMS 

WHITE'S FARRIERY, imptOTed by BoasxB, Svo, with plataa «agnvad as ttad (pab. a(t I4e.)> 
cloth, r«. 1847 

WHYTE3 HISTORY OF THE BRITISH TURF. FBOM THB BABUXST PBRIOD 
TO THB PRESENT DAT. i toU. 8to, PUtet (pub. at U. St.), cloO, Ut. 1840 

WILLIS'S PENCILUNGS BY THE WAY. A new and beauttfkU Edition, with additiou, 
fcap. Svo, flne Portrait and Platea (pub. at St.). extra red Turkey dotii, ilehljr cfit back, Sv. 6d. 
** A llvelj record of flrat Impreeitone, convejinf vividly what waa seen, hoard, and Mt, by an 
active and Inquisitive traveller, throun some or the most IntoreatiBC parts of Buiope. His 
etiriortity and love of entorprlse are anbonnded. The narratf«« is toldla «aqr, loent language, 
vith a poet's power oflUostratleB."— JSdmiKriA lUviem, 

WORCESTER'S NEW CRITICAL AND PRONOUNCING DICTIONARy OF 

THE ENGLISH LANGUAGE, to which is added Walker's Key, and a Pnmouncing Toca- 
bolary of modem Geographical Namea, thick imperial Sve (pub. at \L iek), doth, ISk IHI 
*»* The most extensive catalogue of worda ever predaead. 

WRANGELL'S EXPEDITION TO SIBERIA AND THE POLAR SEA, edited by 

Lleat.-CoL Sabine, thick Umo, large map and port (pub. atCs.),doth,4s.Sd. 1844 

WRIGHTS COURT HAND RESTORED, or the Student asdstad la natiag aid «hsiters, 
deeds, ftc. small 4to, as plates (pub. at U a«.), cloth, lit, 184* 



^jfteologg, inorals, CEccIesfastkal f^tetors, $rc. 



BINGHAM'S ANTIQUITIES OF THE CHRISTIAN CHURCH. N«w aad Improved 

Edition, carefully revised, with an enlarged Index. 2 vols. ImpL Svo, etotti, IL II«. 6d. 1840 

*' Bingham Is a writer who doea equal honour to the Bngilsh elergy «ad to the EngUsh 

aaUon, and whose learning is only to be equalled by hla modaratlon aad Impartiality.'*— 

Qtun^ertu lUvitw, 

BUNYAN'S PILGRIM'S PROGRESS. Oulte complete, with a Lifo aad Notaa, by tke Rev 

T. Scott. Pcap. ISmo, with 85 flne füll-sb.ed woodcute by HAKvax, contalaing all In 
Soutbey's edition} also a flne Frontispiece and Vignette, cloth, S«. Sd. 1844 

CALMETS DICTIONARY OF THE BIBLE, WITH THE BIBLICAL FRAG 

MENT8, by the late Charlbs Tatlor. 5 vols. 4to, Illustrated by tot Copper-plate En- 
gravings. Eighth greatly enlarged Edition, beautifully printed on flne wove paper (pub. at 
10/. 10«. ), gilt cloth, 4Z. 14«. erf. 18^7 

*' Mr. Taylor's improved edition of Calmet's Dictionary Is IniBepenaably neceesanr to every 
Bihlical Student. The additions made under the title of ' Fragmente' are extracted firom the 
most rare and authentic Voyages and Travels into Jadea and other Oriental countries; and 
comprehend an assemblage or curiouH and illustrative descriptions, explanatory of Scripture 
Inddento, customs, aad manners, which could not ponlUy be emsluned by aay other medluai. 
The numerous engravings throw great light on Oriental customs.'*— ffenie. 

CALMETS DICTIONARY OF THE HOLY BIBLE, abridged, l large voL liaperial Sv«, 

Woodcute and Maps (pub. at 1/. 4«.), cloth, 15«. 1847 

CARYS TESTIMONfES OF THE FATHERS OF THE RRST FOUR CENTU- 
RIES, TO THE CONSTITUTION AND DOCTRINES OF THE CHXnU^H OF 
ENGLAND, as set forth In the XXXIX Articles, 8vo (pub. at Ufc), eloth, 7«. 6d. 

Oj^urd^ TVittoy«. 

*< This work may be classed with those of Pearson and Bishop Bull; and such a classtfica- 
ilon Is no mean honour."— CAareA <^ Engtand Quarierfy, 

CHAR NOCK'S DISCOURSES UPON THE EXISTENCE AND ATTRIBUTES 

OF GOD. Complete in 1 thick closely printed vol. Svo, with Portrait (pub. at 14a.), 

** **erapleulty and depth, metopbyslcal sublimity and evangelical rimpUdty, Immeaae leun* 

"t Irrefragable reasoning, conspire to render this performance one of the moat ineetimable 

stioM that ever did honour to tbe aanctifled Judgment and gtnina of a lunaaD bring."'» 



I^ä^ 



PDHI-ISUED OR SOLD B 









JtMlpp^ far Chrt ..-^ 

udU'l Hmrl ud Eur HUbid nllL Dm DilMi: LuUi'i Bhinl •sd Euj^ilk«! lUt Ibi 

«ml/CvniiMI-ilHiHHatlDPUii Mlnclu: Ibcilgok'i %VM of Iha Wlu umi , irtlk l^lwlf 
HI sntkjRnUTBiHi». Ti 1 «1. iHfilliD (pili.ilUi.1, nlolk.Iia. Uli 

CHRISTIAN TREASURY. Caubniiioftt«f>>Unrliw Bninfa«>uidTinibH.I«tnllir 

DWbSlf gf CDiliI. lD°l>uf.F>;>lino(pDli.iIII>.l,c1olti,aL ' 1IU 

^CRUDEN'9 CONCORDANCE TO THE OLD AND NEW TESTAMEKT, »n»! 

RILLER'S [R«. ANDREW) COMPLETE *^^*"J;5 1,,^;'; jYiA °""' "-I*- "»'''■ 
ORECORV^ (DB OLINTHUSJ^LETTERS^ONTHE^DENÜ^ DOCTRINES, 



ullufcö;"— B«rt a^lL 



I) LECTURES ON THE PENTATEUCH. HD, V< 
E WORKS, irlth u u 



EdlU«, wHb ropaldaTuhlv Addlllona, a "fnuItU« of al^ 1>m Liän FImh, uitl ■ ^'uMirv. 
Ii>aicn, ud Hut«, b]r !>• B». FnH lUu, u nil. Ra, Ponnll (pib, il H. u,), elMt, fl. 

UU-'STPHE 



PM^ftn PapiiEu lEDvuirHf &c. 6 >alL Kva, >uiuIiddi«Jj pulBd, klLb bnoUDil 
i-BtlU. m.Udolb. »DlebLir«ttredt 1^ ii'-U- 



Eall«mb*]jlhrfd hjpaalBm:ru[]DbBlht be^^lien of iht «"■ ■' 
icrtDdflnorKllglauitnjUi, uiltfaabriBbtfit aunp^a ^ CbiikClH] 



MENRV'S (MATTHEWI COMMENTARY ON THE BIBLE, tj 



'!isr.si?%^'-j:; 



HTLL'Bf 

HOPKINS'S <B<5H0P} WHOLE WORKft <J 

HOWE'S WORKS, olOi Llli, hr CixAKi, Ilup 



» BUM PurmU nub. w IIi.) 



DMUNTINCDON'S 



INTIN GOON'S (REV. W.l WORKS, E 
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LEIGHT0N3 OOMMEHTARY ON PETER; wttk Ufc, »ir 
ti2& kudMMly priBUd raL tvo, Portrait (pak. it Ub), eloiH, tk 



LIVES OF THE ENOU8H SAINTS. B7 tte Ksr. J. B. Mmwwum ni 

Uao (piAw Ik tL ••.), Mwcd in ornamented eorcn, U. U. 1M4-« 



M'CRIE^ UFE or JOHN KNOX, 'lajS"«»««««"'*^»*»^, "f *• ^ 

fleotlaad. Me« Edilkmvfthnnmeroita Additioa8,andaMcnair,kc.af AnmBvCaLXcnos. 

Fcap. tv« (piüi. at ic), ek»Ü^ 3^ «d. 



MAOEES (ARCHBISHOP) WORKS, campMmg Ummdm n« Pl i 1 U l i 1 m the 
■crintnral Ditibiaa of Aionement and »acrtiico: «onaoaa, aad VMtellB» fTiMiin WHhn 
Meaah «rkb Ufo, ky tke Rev. A. H. Kxvsy, DJ). S fola. tfo (p*k.at li. fkl 



Utt 
*' DIaeoven aoch deep raaearch, ylelda ao mveh vahuM* 
bdpa to tkc refutation of error, aa to constilate the nuict valnable t 
ofwUch a Chriatlaa aeholar can be poaaeaaed."— €3km<ien Otat nw» 



MORES (HANNAH) UFE, I17 tke Bcr. Hsvxt THoxami, poat tvo, 

wttb ber worfca, Portrait, andWood Bnfravinga (pub. at Itk), extmdalh, fa. Cladrff, U» 

*• ThU may be called the offleial edition of Haanab More'a Life. It brlnga ao mmA mew and 
intcrestinK matter into the ftcbl reapcctinc ber, tliatltwillreceiwanbeaitf laeieaaM ft— tb« 
pahik. AmottK the reat, the partfeulaza ornoet of her pablkathMB «fO ttmaHi tt« cwhi ai lj 
of Ihcrary readera."— litrrary GuzeUe. 

HÖRE'S (HANNAH) SPIRIT OF PRAYER, fc«M««»Poitr«ü(yakattk),eMh,4t. 

MORES (HANNAH) STORIES FOR THE MIDDLE RANKS OF SOCIETY. 

and Talea for the Common People, t Tola, poattvo (ptib. at I4fc), doth, ta. CmMt, iK» 

MORE'S (HANNAH) POETICAL WORKS, poattTo(pab.atMtCii>fk,3fc6dL 

Cad(B,in9 

MORE'S (HANNAH) MORAL SKETCHES OF PREVAIUNG OPINK>NS AND 

MANNEBS, Foreign and Uomeciic, vith Beflectiona on Prajrer, poat tro (pub. at •>.), 
cloth, «•. CadM,Uaa 

MORE'S (HANNAH) ESSAY ON THE CHARACTER AND PRACTICAL 

WAITINGS OF ST. PAUL, poat Svo (pnb. at Kto. 6cL), dotb, te. CbdMf, US7 

MORE'S (HANNAH) CHRISTIAN MORALS. Poat «vo (pub. at Ma. 6dL), dotb, 5«. 

Cmäeli, 1836 

MORE'S (HANNAH) PRACTICAL PIETY; Or,* the InflveaM of tha Bd%ioB of the 
Heart on the Condoct of the Life, 32mo, Portrait, cloth, 2«. id. 18M 

The only complete amall edition. 1 1 vaa reiiied Joat befot« her deatt, aad eontaina madi 
improTcmeat, which la copjrrlght. 

MORE'S (HANNAH) SACRED DRAMAS, chiefly iirtendedfbr Too« People, to ^Icbia 
added ** Senaihility," an EpbUe, 32mo ( pub. at 2«. 6<f. ), gilt cloth, gOt edgca, S«. USO 

Thia Is the laat genoioe edition, and eontaina aome copyright editioaa, vbftdi are not in any 
other. 

MORE'S (HANNAH) SEARCH AFTER HAPPINESS; with Ballada, TUea, Ilymna, 
and Epitaphs, 32mo (pnb. at 2f . 6d. ) , gilt cloth, gilt edgca, U. gd. lUO . 

NEFF (FELIX) LIFE AND LETTERS OF, traniteted flrom the «rench of M. Bost, by 
M. A. Wyatt, leap. 8vo, Portrait (pub. at 6,.), cloth, 3«. M. 1849 

PALSY'S WORKS, in l toI. eoasisHng of Ma Katnral Theology, Mord and PoUttcal Pblloaophy, 
Evidences of Cbriatiaidtr, Hone Paulin«, Clergyman's Companion in \lsitiog tiie Sick, tc. 
8to, handsomely printed tn double columns (pub. at 10*. 6d.), cloth, 5». 1819 

PALEY'S COMPLETE WORKS, «ith a Biographical Sketch of the Author, by Rkt. D. S. 
WATI.A.KD, ft vols. 8TO (pub. at \L Vat.), clotb, 18>. U37 

PASCAL'S THOUGHTS ON REUGION, and Adam*a Prlrate Thoogbta on Bellglon. 
edited by the Ksv. £. Bickerstkth, fcap. sro (pab. at S«.), cloth, 3f. 6d. 1847 

PICTORIAL DICTIONARY OFTHE HOLY BIBLE, Or, a Cyelopnlia of niuatrations. 
Graphic, Historical, and DescriptlTe of the Sacred Wrltinn, by reference to tiie Manners! 
Customs, Rites. Traditions, Antlqiiitlea, and Literature of Eastern Nations, S Tola. 4to (np- 
vards of 1430 double column pagea In good type), with apwarda of looo iUoatratlTe Woodenta 
(pub. 2/. 10«.), extra clotli, 1^ 5«. 1^4^ 

SCOTTS (REV. THOMAS) COMMENTARY ON THE BIBLE, with the Anthor'a 
last Corvections and Improvements, and 84 beantlAil Woodcut lUustrationa and Mane. 3 vols. 
imperial Svo (pub. at 4/. 4«.), cloth, \U 16*. ^^ 28W 

SIMEON'S WORKS, including his Skeletons of Scrmona and Horse Romfletle«, or Dbeounea 

digested Into one continued Sfcrtes, and forming a Commentary upon eveiy Book of the Old 

and New Testament ; to which are annexed an improved edition of Claude's Eany on the 

"•^position of a Sennon, and very comprehensive Indexes, edited by the Rerl TKosua 

«rwKZxUoKKs, 21 vols. Svo'puh. at}»». }o«.),d«th,7<.3£ ». *»v— 
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^ 



SMYTH'S (BEV. OB.l EXPOStTION OF \ 

(iml...til.ii.liu.J',cl(.ib,!i.. " "' °" 

SOUTH-S [DR^OBERT) SERMONS: V, . 

STEBBINQ'S HISTOBV OF THE CHUBCH^C 
MORN INC 



PASSAGES. OF HOLV 



TAYLOR'S (JEREMY) COMPLETE WORKS, '»h in : 

TAYLOR'S (ISAAC OF ONQAR) NATURAL HISTORY OF ENTHUSIASM. 



pvai mai Jmt U ^Kuua Lapb DDiulllaUpr Lbv VFiy Ti»< ud bull dT UioKe ft 

■biet hm>D iliAkaD j'epuLad^ Ihi -bal? lUalLnrhiAJ u4 morAl ■orld'"— «UiUix 

TAYLOR'S (IS^ 



TAYLOR'S (ISAAC) SATURDAY 
TAYLOR'S (ISAAOl ELEMENTS 






-AYLOR'S (ISAAC) ANCIENT CHRISTIANITY, ji 



WYLOR'S (ISAAC) LECTURES ON SPIRITUAL CHRISTIANITY, »i 
iMUNES (BISHOP) ELEMENTS OF CHRISTIAN THEOLOpY, r 





.SfEäSSsÄHs'S";'l'Sw! 


'««SPÄ'ilS".'^ 


?I*tV 


35,5'ai*K,ÄfflSi ÄLW, 


_^HURflH. 


WADpiNGTON^ t 


?ss«.. 


?E, »VIS'S 


HISTORY OF THE 


S"S"JS, 



PRACTICAL VIEW OF CHRISTIANITY. \ 



1 PICTURES Of 



S6 CATiXOGüS (Mr HKW BOCK» 



Jpomp l,angttages and Ubzxaimt; 

fMcvmnmu 
CLASSICS AND TRANSLATIONS, CLASSICAL CRITICISM, DICnOM* 
ARIES, GRAMMARS, COLLE6S AMD 8CMOOL BOOKS. 



ATLASE&-WILKIN90»rS CLASSICAL AND SCHIFTUIIALATLAS^ wffli Hlito- 
ileal ami Gkrooologkal ThhiM, faaperial Ma» Hav ßmä L^ifMvaA E«iB% If Mafai coloured 
(p«b.itaL4k),h^hOTiüaai««co,U.ll«.ML 184S 



WILKINSOICS GENERAL ATLAS. Hew ui fawra«^ Bdllte. wflk «n tti , 

iMerted, Pop«tattlaa accefdiaf to tk« laM C e— ■ , rtiBiailMf BImm» to. Iiftlil «to, 
46lU|M,eoIoajed(pab.atli.lCfc), balfteaiidBoraceo,li.ia. IMI 



AINSWORTirs LATIN DKmONARY, l9l>r.J4 

faff all Ik« ward! ortkoQwutDlHetioäuy. IMdttiro, iiirtlj liiiMi (p«i.«»l4fcK( 

BENTLETS (RICHARD) WORK& CoatalaiMDbaertatloMapoBtlMBpIrtlMorPluüttli, 
~ Mocloe, Borates, Eartpidea, aai the FäUn of £eo]K Epbtela ad Jio. MBllaB; 0ta- 
Boyle Lecture; Beaaika oa F i aa- t Mnktay; CriUeal Wotka, te. BiHlad, wftk-aoidoiu 



Indkea aad Notaa, b7 the Bev. AUKZAJrDU Dtcs. SvoU.tYOäabaaiitil(iUjpctiitadBditk)B 
(pahi.atli.lto.KeloCh,U.U. 



BIBUA HEBRAICA, EX EOITIONE VANDER H006HT. B eaefafe B J. S. Ax^lm- 
MAVB. Very thick tro, handsomely printed (puh. at U. ic), chidi, Ite. tdL Lomd. Dtmetm, ISM 



BIOGRAPHIE UNIVERSELLE, Aadeaiie et Modana. VoareBa BdMon, rema, eonfgCe et 
aagsieBtte par nae SoclHt Je Geiu de Lettrea et de Sa^jMrta, si vola. faajgeml 8ro_(jirlBtad ja 



iBdoiihlacolaauM,bot vary dear 4rp*)( wved (pvk. at !•<. Mk), 81. fi«. 

AwwH^ 1MS-47 



BOURNES (VINCENT) POETICAL WORKS, Latin nd -Bagltah, lamo (piih.atte. Cd.), 
aloth,ifcML UM 

thawM>.laiiapapa>,anakgaatTol— a,l«»a(puh.atla.),aloth,3>.ML 18U 



CICEROS UFE, FAMIUAR LETTERS, AND LETTERS TO ATTICUS^ 
by MioDucToK, Mn];.MOTH, and HnnnnpEn, coi^ida In ana thkfc voL nyal tv«^ portiilt, 
(pub. allLU.)t doth, Uk 1848 

CORPUS POETARUM LATINORUM. Bdidit G. 8. W auuou Coaqileta in 1 tracj thick 
ToL royal 8vo (pub. at tL St.), doth, 18f. 
»ranei 



TUa comprehendve voIobm mntiina a Hhcaiy of Ow poallaal Latin dawlfa, oonaeBy 
printed firom the beat texta, vis: — 
CatttUoa, VliA Lneaa, Solpkia, Calpandoa Sicnhu, 

Tthulloa, Ovid, PerdoB, Stattua^ Aaae^aa, 

Propertioa, Horace, Javeaal Silius itaUma, Claudian. 

Lncretiua, Phsdroa, Martial, Yalarina Flacou, 

OAMMII LEXICON GR>ECUM, HOMERICUM ET PINOARICUM. CottDmrcAV. 

Toyd 4to, Ne« Edition, printed on floe paper (pab. at 5L 5«.), cloth, IL U. WM 

** An excellent «orii : the merito of vnich kava been nnivaraaUy neknevladged bj Btaniy 
diaractcra."— Dr. IMctti. 

DEMOST>iENES, translated by Lxxjin>, the two vols. Stol complete In 1 voL Umo, haad- 
aomely printed in doable cdnmna, in paari^rpa, portndt(pttOw at St.), dotbfS«. . 

DONNEGAN'S GREEK AND ENGUSH LEXICON, enlaricd; with examptea, BtaraBy 
tiaadated, selected Grom the clasdeal autlMNrs. Poortb edition, ceaddenbly enlargad, eare- 
IbllT raviMBd, and matariaUy impcovad thioagkant; tldck tva (1739 pagea) (pab. at aL 2«.K 

GAEUC-ENGUSH AND ENGLISH-GAEUC DICTIONARY, witk Bxamplaa, Phrases, 
and E^mohifclcd Bemarlca, by two Members of the Hierhlaad Society. Comiriete in I thick 
woL Sn». Naw BdMoo, contatning iMny mora words than the «to Edition (pab. at IL lt.), 
doth, lOB. ad: i8tf 

QRAGUA'S ITAUAN-ENGLISH AND ENGUSH-ITAUAN DICTIONARY, ^tth a 
compcndioas Italian Orammnr and Supplementary Dirtifmanr of Navd Tarma, Mmo, roan 
(pab. at 81.), 4». 6d. 1848 

HERMANNS MANUAL OF THE POLITICAL ANTIQUITIES OF GREECE, 
WI«*'"1t«"t conaidar ad, translated ttam die Oannan, 8n> (pub. at ISa.), dotli, ite. td. 

O^ovvLTkÖopt, 1818 
** Hermann's Manod of Greek Antiqatties Is most important."— TUrbödTt^bt. q^ Greece, 
ToLLp.44S. 

HERODOTU& CARYS (REV. Hj GREEK AND ENGUSH LEXICON TO 
HEBODOTU8, adaptod to the Tazt of Gatefoid and Baehr, ami aU other Edittoaa, Svo, dalk 
(pab. at Uk), ti; 

CMPRIERES CLASSICAL DICTIONARY. Mlniatore Edition, enntatninf a tan ACMioS 

of all tke Proper Namea menthmed in Ancient Aathms, and macb osefal infimnation n%i ««t> 

g the naas aad haUta of tlie Greeks and Romans. New and complete Edition, akgaatly 

Htodki paad ^ypa, in 1 veiy tiück toL 18mo (pub. at 7«. Od.), doth, 4*. 8d: IStf 



PUBLISHED OK SOLD BY 1!. O. BOHN. 
lS£i HEBREW QRAMMAR, "°""^„J;'„'J[J'ttJ"i'j;;^i;'J2%"''jf"*^ 
LtE« HEBflEW. CMDLDEE, AND ENOLfSH LEXICON. Cmiifim bn» a» b. 

^^'Dl°>-°, IW^'Tl^iuäld'^FBb. UK. U.), clmll. im! Indas'n 

LEVEBETT-S LATIN ENOLISH »NO ENQUSHLATIN LEXICON, cmpM M 
UVIi HISTOniA, EX BECENSIONE DBAKENBOnCHII ET KREYSSIC 

Cum iDdUe ADiptlHliuo, 4 mil. ITD (pub. u u. IHt.J.eTorb. lf,Bi. 0^^^ II 

TlilaUUiehffiuilBoilatahlvdttlncfUir ■'" P>Jl'l^«^l°^^^ lol U It piahrr 
ki all onr BT'iidllsi ud olodal ttbtDk 



m 



SYSTEM OF RHETOBIO; 01, 11« PiImIiiIh ul R 



OXFOflD CHflONOLOQICAL TABLES OF UNIVERSAL HISTORY, r 



M 



RAMSHORN'S DICTIONARY OF LATIN SYNONYMES, IHr tbi 



5CH0MANWS HISTORY OF TT4E ASSEMBUES OF THE ATHENIAHR 

ELLENDTS GREEK AND ENQLISH LEXICON TO SOPHOCLES, tmulmali; 

CiHir. (TD [pi^h. iilli.li'loth, ti, W. IViH, ^tof^ '■•1 

STUABTS HEBREW OHflESTOMATHY, dnWn«]« t» l«n*i«loii U . C«™ K 

TACn^S, CUM^ NOTIS BROTIEHI,^ miMNTE A.J. VALPY. Ei»kn(iTi,™i 

KCITU5, A NEW AND LITERAL TRANSI A^nON. Ito tpcb. H Ib.l.il 



28 CATALOGUE OF NEW BOOK9 



TENNEMANN-S MANUAL OF THE HISTORY OF PHILOSOPHY. taattaMfto» 
th« Geitnaa. bj tb« Rcr. Akthvk JoHxtoji, IIA. Professor of Anglo-flaxoii mthe UnhrenHy 
of Oxford, fa 1 tkiek closely printed vol. 8vo (pab. st ]«•.), boards, 9t. ««^erd, 7W6«yi, USS 
** A work lAldi marks oat sU th« leadii« epocbs In phlkMonby, «iiA ftv«« ■fanite daoneh». 
Kicftl inforaaatkm cowwrnhig them, «Itb blograpbleal nooees or th« fimaden «ad followers of 
tbe priDctpal sebools, ample texts of their works, and an aceotmt of the principal edMons. In 
a word, to the student of philosophy, I know of no work in SagUah Wuv W pro? e half so «•»> 
fol.*'— tfeyiiMrd, m U» TrmmaUittm c/ GoeOu'* Fkaut, 

TERENTIUS, CUM NOTIS VARIORUM. CURA ZEUKtl, enn Oom; aec«L ladtx 
cotdodsaimns. Complete in 1 thick toL 8vo ( pub. at Ifi*.)* doth« tt. 1S37 

TURNER'S (DAWSON W.) NOTES TO HERODOTUS, «nr the Us« of Coltafe 

Stndeats. Svo, cloth, Ufc IM7 

VALPrS GREEK TESTAMENT, WITH ENGUSH NOTES, aocanpaaltd hj paxaOel 
passages from the Classics. Fifth Editioa, S vols. Sro, dtto limp« (?%•• at 2L), cma, IL S$. 

1M7 

VIRGIL. EDWARDS'S SCHOOL EDITION. VfrgtUi JBaata» com Bdwabos, et Qaesil. 
ones Virgllianie, or Kotes and Oaestlona, adapted to die mUdle tarns la Schoc^ 2 rola. in 1, 
12mo, bound ia cloth (pub. at S*. 6d.), Si. 
•»* Either the Text or Ctuestlons may be liad separately (pub. at tt. M.), St. 6d» 

WILSON'S (JAMES, PROFESSOR OF FRENCH IN ST. GREGORY'S COLLEGE) 

FRBNCH-ENGL^H AND ENOLI8H-FRBNCH DICTIONABT, containing fhU Expla- 
nations, Definitions. Synonyms, Idioms. Proverbs. Terms of Art and Science, and Bulflls of 
Pronunciation in each Lsngnsge. Con ^ed firom the Dictionaries of the Academy, BowrsK, 
Chambaod, OAKinta, Latbaox, Das Camukbxs anu §aim, JTohvsov and Wauux. l 
large closely printed vol. imperial tvo (pub. at 2/. 2*.), cloth, 1/. to. It41 

XENOPHONTIS OPERA, GR. ET LAT. SCHNEIDERI ET ZEUNII, Aeeedit Index 
(PoRsoH and Eu(si.EY's Edition), 10 vols. 12mo, handsomely printed in a large Qrp«, done up 
in ft vols. (pub. at *t. lOa.), cloth, Ito. IMl 



The same, large paper, 10 vols. cn>wn Sro, done np in 5 Als. cloth, U. 8«. 



XENOPHON'S WHOLE WORKS, translated by SnxjcAx and others The only complete 
Edition, 1 thick voL Svo, portrait (pub. at Us.), cloth, 10k 



iaobels, mLoxk% of JF^'ctfon, %i^t Ifteaomg. 



AINSWORTH'S WINDSOR CASTLE. An Historical Romance, Tllnstnted by Oxokob 
Crvikshank and Tovr Joxavxot. Medium Svo, fine Portrait, and 10& Steel and Wood 
Engravings, gilt, cloth, U, IMS 

BREMER'S (MISS) HOME: OR, FAMILY CARES AND FAMILY JTOYS, translated by 
Mart Howitt. Second Edition, revised, 2 vols, post Svo (pub. at U. 1«.), cloth, 7'. 6d. 1S4S 

THE NEIGHBOURS, A STORY OF EVERY DAY LIFE. IVanslated by Makt 
HowiTT. Third Edition, revised. 2 vols, post Svo (pub. at IS«.), cloth, 7«. td, 184S 

IRUIKSHANK "AT HOME;" a New Family Album of Endless Entertainment, consisting 
of a Series of Tales and Sketches by the moet popular Authors, with numerous clever and 
humorous Illustrations on Wood, by Crvikshaxr and Seyiiour. Also, CRUIKSUANK'S 
ODD VOLUME, OR BOOK OF VARIETY. Illustrated by Two Odd FeUows~S«TXOV& 
and Crvixshark. Together 4 toIs. bound in 2, Iteap. Svo (pab. at 2^ IS«.), cloth, gilt, 10«. 6<f. 

1845 

HOWITTS (WILUAM) LIFE AND ADVENTURES OF JACK OF THE MILL 
A Fireside Story. By Wiujam Uowitt. Second Editio«. S Tois. fcap. Sro, with 4fi lUus* 
trations on Wood (pub. at 1ft«.), cloth, 7«. 6d. U*i 

HOWITTS (WILLIAM) WANDERINGS OF A JOURNEYMAN TAILOR, 
TliROUOH EUROPE AND TUE BAST, DURING THE YEARS 1824 to IS40. Trans' 
lated by Wiluax Howitt. Fcap. Svo, with Portrait (pub. at 6«.), cloth, 3«. fid. 1S44 

HOWITTS (WILLIAM) GERMAN EXPERIENCES. Addressed to the English, both 
Goers abroad and Stayers at Home. 1 vol. fcap. Svo (pub. at 6«.), cloth, 3«. 6d, 1S44 

JANE'S (EMMA) ALICE CUNNINGHAME, or, the Christian as Dtogfater, Sister, Friend, 
and Wife. Post Svo (pub. at ft«.), cloth, 2«. 6d. 1S46 

JOE M I LLER'S J EST-BOOK ; being a Colleeüon of the most exeeUent Bon Mots. BrflHsnt 
Jests, and Striking Anecdotes in the English Language. Complete In 1 tttlek and cloeely but 
elegantly printed vol. fcap. 12mo, Flrontisi^ece (pub. at 4«.), doth, S«. 1S49 

'ERROLO'S (DOUGLAS) CAKES AND ALE, A CoUeetloa of humoroni TUe« wd 
Sketches. 2 vols, pott sro with Plates, by QmoBau CftVUMXAiTK (pab. at Ua,), cloth 
iBlfSs. M41 
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LAST OF THE PLANTAGENETS, an HUtoriealNarratW«,Ulnttratliiffth« Public BTent». 
and Domestic and Ecclesiaitical Manner» of tbe IStb and ICib Canturiea. Fcap. 8vo, Tliini 
Edition (pub. at 7«. 6d.)t cloth, 3«. Cd. 1S39 

LEVERS ARTHUR OLEARY; HIS WANDERINGS AND PONDERINGS IN 
MANY LANDS. Edltad by Haxrt LonREQUBR. CuoiKsaAXX's Mew lUuatratad Edition. 
Complete in 1 vol. gvo (pub. at IS«.), cloth, \tt. I84A 

LOVER'S LEGENDS AND STORIES OF IRELAND. Both Series. S volt. fcap. sro, 
Fourth Edition, embellished wltli Woodcuts, by üarvxy (pub. at IS«.), cluth, 6«. 6d, 1847 

LOVER'S HANDY ANDY. A Tale of Irish Life. Medium Svo. Third Edition, with ?4 
characteristic Illustrations on Steel (pub. at 13>.), cloth, 7«. 6d. 1849 

LOVER'S TREASURE TROVE; OR L. S. D. A Romentle Irish Tale of the list Cen- 
tury. Medium 8vo. Second Edition, with 26 characteristic lirjatratlona on Steel ( pub. at Ut.)t 
cloth, 9«. 1846 

MARRYATS (CAPT.) POOR JACK, Illustrated by 46 larfre and •xgnlsitcly bwutiftil 
Engravings on Wood, after the masterly designs of Cx,arksox Stavvijil», R.A. 1 handsome 
vol. royal 8vo (pub. at 14«.), gilt cloth, 0«. 18jO 

MARRYATS PIRATE AND THE THREE CUTTERS, Sro. with »o most splendid line 
EngravingB, after STAirriBLi), Engraved on Steel by Cuarlbb Hbatu (originally pub. at 
1 /. 4«. ) , gilt cloth, 10«. 6d. 184!» 

MILLER'S GODFREY MALVERN, OR THE LIFE OF AN AUTHOR. By tbe 

Author of "(Gideon Giles," ««Royston Oower,'* **Day.in the Woods," &c. See. Svolsini, 

.8vo, with 24 clever Illustrations by Phzz (pub. at 13«.), cloth, 0«. M. 1843 

** Tills work has a tone and an individuality which distinguish It flrom all others, and cannot 

be read without pleasure. Mr. Miller has the forms and colours of rustle life more completely 

under his control than any of his predecessors."— ^AeiueiUR. 

MITFORD'S (MISS) OUR VILLAGE; complete In 2 vols, post 8vo, a Series of Rural Talea 
and Sketches. New Edition, beautiful Woodcuts, gilt cloth, lo«. 

PHANTASMAGORIA OF FUN, Edited and Illustrated by Alfrrd Crowqüiu^ S vols, 
post 8vo, illustrations by Leech, C&uikshank, ftc. (pub. at 18«.), cloth, 7«. Bd» 1843 

PICTURES OF THE FRENCH. A Series of Literary and Graphic Dellncationa of French 
Character. By Julks Jakin, Balzac, Cormrmin, and other celebrated French Authors. 
1 largo vol. royal 8vo, Illustrated by upwards of 230 humorous and extremely clever Wood 

' *- Enpravlncrs by distin^ruished Artists (puli. at 1^. 5«.), cloth frilt, 10«. 1840 

I'liis book is extremely clever, both In the letter-press and plates, and has had an immense 
run in France, greater even than the Pickwick Papers in this country* 

POOLE'S COMIC SKETCH BOOK: OR, SKETCHES AND RECOLLECTIONS 

BY THE AUTHOR OF PAUL PRY. Second Edition, 3 vols., post Svo., fine portrait, 
cloth gilt, with new comic ornaments (pub. at 18«.), 7«. M. 1K43 

SKETCHES FROM FLEMISH LIFE. By Hexdrik Coxsciexcx. Square i2mo, 130 Wood 
Engravings (pub. at 6«.), cloth, 4«. 6c(. 

TROLLOPE'S (MRS.) LIFE AND ADVENTURES OF MICHAEL ARMSTRONG, 
THE FACTORY BOY, medium Svo, with 24 Steel Plates (pub. at 13«.), gilt eloth, 6«. td, 1840 

TROLLOPE'S (MRS.) JESSIE PHILLIPS. A Tal« of the Present Day, mediom svo, port. 
and 12 Steel Plates (pub. at 12«.), cloth gilt, 6«. Gd. 1844 

UNIVERSAL SONGSTER, Illustrated by Crvikshakk, being the larfest eolIectloR of tha 
best Songs in tbe English language (upwards of 3,ooo), 3 vols. 8vo. with 87 humorous En- 
gravings on Steel and Wood, by Gborqe CRtmcsnANK, and 8 meaailion Portraits (pub. at 
1/. IC«.), cloth, 13«. 6d. 



^ubtntle antt lEIementatQ 9i3oo%S) CEs^nnastfcs, $rc. 



ALPHABET OF QUADRUPEDS, Ilhistrated by Figures selected rnm the works of the 

Old Masters, square I2ra0| "" 

Paul Potter, lie. and wj 



Old Masters, square 1 2mo, with 24 spirited Engravings after Berohrm, Rrmrrardt, Cutt^ 

ith initial letters by Mr. Shaw, cloth, gilt edges (pub. at 4«. 6<), at. 



18&0 
■ ' tbe same, the platas coloured, gilt cloth, gOt edges (pvh. at 7«. 8rf.) 8«. 

CRABB'S (REV. Q.) NEW PANTHEON, or Mythology of all Kations; especially fbr tbe 
Use of Schools and Young Persons : with Questions for Examination on the Plan of Pixxocr. 
18mo, with 30 pleasing lithographs (pub. at 3«. ), elotll, 1«. 1847 

CROWQUILL'S PICTORIAL GRAMMAR. iSm«, witi ito htunoroas Ulnstntlons (pub. 
at 6«.}, cloth, gilt edges, 1«. €d, 1844 

DRAPER'S JUVENILE NATURALIST, or Coantry Walks in Spring, Summer, Autumn, 
an^ Winter, square 12mo, with 80 beautifully executed Woodcuu (irab.at7«.ed.),oloth, gilt 
edges, 4«. 6J. 1K4S 

ENCYCLOP>CDIA OF MANNERS AND ETIQUETTE, comprising an Improved edition 
of Chesterfield's Advice to his Son on Men and Manners: and the Young Man's ownBook; a 
Manual of Politeness, iBtellectual Improrwnent, cod Moral Deportment, 34mfl^ Vrontlsplere,, 
eloth, gttt edges, 3«. U« 



30 CATALOGUE OP SEK DOOKS 

UUESTRIAN MANUAL FOR LADIES, I» r>.n s..«.».. »n^ «„ 
nAMIM«ORETHELSJ^AmY_ TALES AND POPULAB STORIES, »mum (n 

QRIMM'SjrALES^FB^ EMTERN LANDS. Btuin ita», put« (pui^dtekiMj 
HALL'S ICAPTAW BASIU PATCHWORK, • Nn a.ri. r< r»cn>«> if v-r»« »1 

HOLIDAY UBRAflV, Ed]»j kr wuui.li Htiim. DsibnUi nitaiM m i m,. tMm 
(i^iifc. «t 13». M.J, nolli, n^. fct. or vpinfeljr, «]i:^Onhu of WkUrian, 3v. Ait MIf 

HOWriT'S (WILLIAM) JACK OF THE MILI. >>oii. inXF»)- u lu,), Hsu«. 

HO^J'TTS (MARY) CHILD'S PICTURE AND VERGE BOOK, «>ii««li«IM 
"OMe Hpetflcr*! Fa^Tf Denk:" mwlaifd Inm ErivEhb v««h iriU FfimEli «lA fli.fcM 

LAMBS TALES FROM SH AKSPEARE. diiln«! piiMpKllr ftnix lu. orr«» rvm 

fJTln« hi MlM Md Cki»m. I-All.i SI>U E^'l«h •mStlH.tBl «lib » lun uid^BMIU 

■^ On« Dfib« moil irarf^I and ■rrr*ii>ire GUbpanlw ro Ihir undirHBbdtawaf fibalMwH* vUA 
lw<r 1i»n produeFd. ThH TDuibTgF md» ^bn !■ abQqt U tuH Uia ebftmt ol dot cthi AM, 



L. E. L TRAITS AND TRIALS OF EARLY UFE. ABniBil 

Pof^l Bn^nvad an ftiHl {pah. a1 u.], gUi dDlh, k * pb» 

LOUDONS (MRSJ ENTERTAININQ NATURALIST, Mm p,~glu Dwfwum 



MARTIN AND W^TALL'S PICTORIAL HISTORY OF THE BIBLE, Hntnwr. 
mat hr U<B !l«T- HuaihT CADVtan, Hia, 114 »kiranifllT buutuut Waad fifwravlaai >v aa 
IntArAiulluludlrariduEidcajilaiDr Uiatll'I »iBbnied Plmr». Bilibmai?> (W. 
nwDtliVh railDltnnnab.ta.F.eMlI (III, lUl HMm, ndiicid H la. WbUabnitw, 
tlrtlJJllljgSadiai,!».^ It "" 

PARLEVB (PETER) WONDERS OF HISTORY. «q<m 

KRCY TALES or THE KIN05 OF ENQLAND; 




ErOQUEHKD 01C SOLU BT II. G. BOUN. ^j^^^^l 

MUSICAL LIBRARY^ A 9clc«b.^°(Ih.1n<T«^.sd InMmnmiul UiiU, imt^^^^l 
■nhioiUnfl iDHirc Uiu 4«! pl«n ar Ido^c, büuüfujlr prlnlf d ■Uli miLilUc vpu Iv'iib. ■! ^^^^^H 



MUSICAL CABINET AND HARM 



^t^nhtO, 






NtUsrcAL QEMi iiCoiiMUMöiiooiicdmiB!iiiinhnqri«,6i>«.»ii 
l'S^ "JL1-'-.?'."?.fih."^.^ 



V jUnEÖirfiiE. &urnmi, anatomji, (JI)tmistrp, 

8ART0N AND CASTLE« BRITISH FLORA MEOICA; Or, (IWi-t .1 na Ifrflcta»! 
BATEMAN AND WILLANS DELINEATIONS OF CUTANEOUS DISEASES. 



BEHR'S HAND-BOOK OF ANATOMY, ht BiHiiTlIlEnmlnlDr at Oüs'iSim^n, 
BOSTOCK'S (DR.) SYSTEM OF PHYSIOLMY. t»mprtrta|imC™pT«.Vin.oIIJi. 

BURNB'B PRINCIPLES OF MIDWIFERY, Imtli ml b« iilJUu, Itlik »n, ikitli Mund. 



■ nrj b«l adlltall of CtlKU. 11 HDULeu criUctl utd VBdlul BDI«, mp^ltcahlg Id 
DfOdaevuitn'i ■ pvjlLlal Tflhit bI uirlVQf uidnodeniHHd]ulLHTnn,1TiniB^n, 
uursi, be tai, tadnd, "HTiliLit ibkh cui b> luiluj u lb» Utiial BUiitali 

HOPE'S MORBID ANATOM-I^ ™imH.D, wfth U ilgyj nolilnd eoloaml PIiub^ MlUn- 
LAWHENCE'S LECTURES ON COMPARATIVE ANATOMY. PHYSIOLOSY, 
LAWRENCE [W.l ON THE DISEASES OF THE EYE. Thlnl KdWiui, «ilMd Md 



LEV'S (DR.) ESSAY ON THE CROUP, tM.SPI.ui 
LIFE OF SIR ASTLEY COOPER. iDirripüiitd •LIh 

K lONDON SURQICAL POCKET-BOOK, ihicl 



32 CATALOGUE OF NEW BOOKS. 

NEW LONDON CHEMICAL POCKET-BOOK; adApt^l to tht Z>ail j «w «r tlw I 

njal lamn, utimtno» Woodcnti (pub, at ya. 6A), hLhd.9$.td. Ml 

NEW LONDON MEDICAL POCKET-BOOK, iDclodiiir Phamaer, PoMlogr, tc nhI 
llmo (pub. at ••.), bfl bd. S«. Od. IUI 

^Ä"I?LJP"P» T?^"".?! J?^ ^^^ ^^^ "THE DIGESTIVE FUNCTWNS; 
Mb aditloB (pub. is».), doth, 5«. ^ 

PLUMBED PRACTICAL TREATISE ON THE DISEASE OF THE SKM. 
JWlrth•dltloi^PlatM,tbfck•»o(pub.atU.l^.),clolfc,•fcM. ''^ 

SINCLAIRS iSIR JOHN) CODE OF HEALTH AND LONQEVITY: «xth MUm, 
complete in 1 tbkk toL Bto, Portrait (puh. at IL), ekith, 7«. ' Ml 

SOUTH'S DESCRIPTION OF THE BONES, tMotber «tth thotr aerenl eoBaexk« 
vltb each other, and vttb the Moielos, specially adapted for Students In Anatomy. noBCfo« 
Woodcuta, third cditioBfUmo, doth lettered (pub. at 7*.), at.M. Itf 

STEPHENSON'S MEDICAL ZOOLOGY AND MINERALOGY; inelndinc also u 
account of the Animal and Mineral Poisons, 4ft colonnd Plates, royal **<^ ' 'mh, at ti. U.), 
cloth, \L u. m 

TYRRELL ON THE DISEASES OF THE EYE, beln^ a Practical Work on their Tnat- 
ment, Meiilcally, Toplcallr, and by Operation, by F. TnuuiLK., Senior Surgeon to tlie Hojrti 
London Ophthalmic Hospital. 2 thick vols. Svo, illustrated by 9 Plates, containing opvaidiflf 
60 finely coloured figures (pub. at l/. 16«.), cloth, 1/. 1«. Ml 

WOODVILLE'S MEDICAL BOTANY. Thiid Bdlt]oi^ enlarged by Sir W. JTackmi 
HooKxn. S vols. 4to, vith 310 Plates, Engraved by Sowxkbt, most caroAilly coloured (pok 
at IM. lOi.), hair bound morocco, ft/. 5«. The Fifth, or Supplementary Volume, entirely br Ik 
vr. jr. HooKxn, to complete the old Editlona. «to, 34 coloared Platoa (piÄ. at iL 1». iw.|. 
boards, U. lit. fid. ua 

iSlatj^emattcs. 



BRADLEY'S GEOMETRY, PERSPECTIVE, AND PROJECTION, for the ose «f 
Artists. SPlatesandnumeroos Woodcats(pnb. at7«.), oloth,A«. Ml 

EUCUD'S SIX ELEMENTARY BOOifö. bv Dr. LAunrxx, with an Bzplanatorr Coei. 
mentary. Geometrical Exercises, and a Treatise on SoUd Oeometrj, «vo. Ninth EditkB. 
cloth, 6«. 

EUCLID IN PARAGRAPHS: The Elements of EocHd, containing the first Six Books. an4 
the first Twenty-«ne Propositions of the Eleventh Book, ISmo, with the Planes shaded, (pub. 
at 6«. ), cloth, 3«. 6d. CsMft. iMi 

JAMIESON'S MECHANICS FOR PRACTICAL MEN, including Treatises on the Cam- 
position and Resolution of Forces; tlie Centre of Gravity; and the Mechanical Powers; illot- 
trstrd Jiy Examples and Designs.' Fourth Edition, greatly improved, gvo (pub. at lU.}, 
cloth, 7l. td. lU« 

** A groat nuiehanieal treasure."— Dr. Birkbtck. 



BOOKS PRINTED UNIFORM WITH THE STANDARD LIBRARY. 

JOYCE'S SCIENTIFIC DIALOGUES, enlarged by Pixkocx, for the Instruction tad 
EnterUinment or Young People. New and grestly improved and enlarged EditJoB. l>> 
William Pikxock, completed to the prevent sute of knowledge (Coo pages), numerou 
Woodcuts, ft«. 

STURM'S MORNING COMMUNINGS WITH GOD, or Devotional Meditations for 
every Day In the Year, 5«. U42 

CHILLINGWORTHS REUGION OF PROTESTANTS, ftoopp.s..«. 

CARYS TRANSLATION OF DANTE. (Upwards of Coo pages), extra Wue cloth, with ■ 
richly gilt buck, 7«. 6d. IN* 

MAXV/ELLS VICTORIES OF THE BRITISH ARMIES, enlarged and iniproved, and 

brought down tu the present time; several highly finished Steel Portraits, and a FTontiapieee. 

extra gilt clmh, 7$. 6d. IHJ 

MICHELETS HISTORY OF THE FRENCH REVOLUTION, traaalaled 07 C. Cocki. 
2 vols, in 1, 4«. 

ROBINSON CRUSOE, including his further Adventures, with a Life of Dafo«, he. npwaidf 
of CO tine Wuo<lcutb, from deairns by Harvey and Wuimfkx, it, 

STARLING'S (MISS) NOBLE DEEDS OF WOMAN, or Examples of Pemale Coorag- 
FortitiKt/-, and Virtue, Third Edition, enlarged and improved, with two very boanttfol FroM» 
pieces, elegant in cloU), bt. IIU 



LoxDov: rauTSD ax hakusov avd aav, ar. nxaxxM** lAva. 



iiiiw KiJition (Ihomh iiuüliilictl m ••> THf low I pnco, ._ , 

vliirh Lmi premlcil it. Tlip NoLei am biucb «üargnl^uiil iilncül boaMl 
Mil. IltmitKilUI'i uuljllol tuniiuuiti, und Uie punnici lifUisrU ■uufi 
VI laeludt«! uul mw ud eoiiiiirebraiUt« IsiUca nilvoüieil, T 

J, 9TAUNT0NS CHEM PLAYER 9 COMPANION, COMPRISING IL _ 
Trialix an OOdi, a CuUhUod oT Matcli GamH, lacliuliuc Ltml plaigil mtk ■ 
ljt.Aiil>Dl,u»l(Siil«:LulnorUriKiB>lPniUeiu. * 

D BOOK OF QAMES. BY VARIOUS AMATEURS AND PHOf^ 
uid mamuldeilerilj. /Uiulnlii tj nmmimi IXüfTaiu. 

I. HUMBOU)TBN£ÄWOBK! VIEVysOr NATURtOBCONTEMf.),Alj 
wui'lna »ImiBid view of ClUwliomul, • [äaiinile It' - '-'— 
tio» or Ihe Utm. SpaulaU, uid Ktcucb quoUunui, ■ 

9. HUMBOLDTS COSMOS, VOL. 3. 



BOHNS ANTIQUARIAN IIBRART. 

I, BEDE'S ECCLESIASTICAL HISTORY, ». THE ANGLO SAXON CHHONld 
i. MALLErS NORTHERN ANTIÖUmES. OY BISI 




BOUrgcJ ^j J- A. Black' 
i. WILUAM OF MALMESBURY-S CHRONICLE OF THE KtNQS O 



i, ELLI5S EARLY ( 
Ubcii»dI1ii.lii 

J, CHRONICLES or ■ 

nuM FriHliiri«:: 

Has POPULAR ANTIQUITIES 
„Eliuid, ti) Ata lUnil Kllii. Vol. I, 
>. ROGER OF WENOOl/EHS FLOWERS Of HISTORY (fOHMEHLV AI 



HE. CRUSADERS: RICHARD OF DEVIZES, OEOPFn 
JoiuiUIo, CompltlB Ui Biui >iiliiiBE, iiiM a i/ilndid /IM 






BONN'S CLASSICAL LIBRARr, 

1. HERO0OTU3. A NEW ANQ LITERAL TRANSLATION, Bl' THE REV. HENRY 



I. PUITO'S WOBKS 



ö.'phKdö,'GT>ipü ?niingiiiu, riiifarui, TlioieHilut, EuDnpliron, Ljrm, 
i LIVV'S HISTORY OF ROME. VOL. 1, CONTAINING BOOKS I TO S. 
9. PLATO'S WORKS, VOL- !, CONTAININfi THE REPUBLIC, TIM«U5. AND 

T. LIVY'S HISTORY OF ROME. VOL. 9. CONTAININO BOOKS 9 TO 20. 
a. SOPHOCLES, THE OXFORD TRANSLATION, REVISEO. 

\ e. jeschylus. by an oxonian iprice 3i, oj.) 

). ARISTOTLE'S RHETOHIC It POETIC, LITERALLY TRANSLATED, WITH 

I, LIVY'S HISTORY or «OME. VOL. ! 
I IS, EURIPIDES, FROM THE TEXT OF D 
ä. VIRGIL BY DAVIDSON. NEW EDI" 
WiUiNotn. FnccS].U 



BOOKS 21 TO 80. 
IF. VOL l,,Coiit>wlHglOPUyt. 
REVISED BY T. A. BUCKLEY. 



15. HORACE. 

Ifl. ARISTOTLE^ ETHICS. BY THE REV. H. W. BROWN, CLASSICAL PflO- 

17. CICEROS OFFICES, OLD AGE, FRIENDSHIP. SCIPIO'S DREAM, PARA- 

18. PLATO'S WORKS, V01_ 3, LITERALLY TRANSLATED BY GEO. BUROES, 

eodluaiiiillieGiiniiilenu, Simpuiiuili, Sopluil», folilloui, Iiwlisi, Fiiuonlilei, 

10. UVY'S HISTORY Or ROME. «OL, * I'Uch compkl« the »ntt), 
I 30. CXSAR, COMPLETE, WITH THE ALEXANDRIAN, AFRICAN, AND 

I. HOMER'S ILIAD, UTERALLY TRANSLATED 

t. HOMER'S ODYSSEY, HYMNS, EPIGRAMS, AK 

ud Ulu, IiMnU;i Lnutlilul luU ED^Lib pni». 



) CHUIKSKANKS T 



i npimr^ ffSVa Snirmwiiu,,: au I 



ES BY SIR 

I, Em. IfM 

IN, GREATLY ENLARGED BY 



Ul FiiUUdI, CaDilllotiDDia. i 

WLlES's'päriOSOPHI 




